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Article history: Background: Direct evidence of inflammatory activity in the atria of patients with atrial fibrillation (AF) is scarce.
Received 2 August 2018 We assessed the capability of positron-emission tomography/computed tomography (PET/CT) to diagnose AF
Received in revised form 4 October 2018 based on fluorodeoxyglucose (FDG) uptake in the atrial wall.
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- ) Methods and results: Among 8233 patients who underwent FDG-PET/CT as work-up for malignancies, we identi-
Available online 31 October 2018

fied 180 consecutive patients with AF (2.2%). Of those, we selected 137 patients who had fasted >12 h before FDG
injection for inclusion in the experimental group (88 men and 49 women; age: 72.7 + 8.9 years). Controls were

ﬁﬂogﬁmaﬁon 62 age- and sex-matched patients without AF. For visual analysis, we used a 4-point grading system. For quanti-
18E_EDG tative analysis, we used the maximum standard uptake value (SUVmax) in the left (LA) and right atrial (RA)
Inflammation myocardium and the target-to-background ratio (TBR) of SUVmax to blood pool activity. The sensitivity, speci-
PET/CT ficity, and positive-predictive value for detecting AF visually were 54.0%, 95.2%, and 96.1%, respectively; for quan-

titative analysis, the respective values were 65.7%, 75.8%, and 85.7%. Multivariable analysis of 11 clinical and
imaging variables showed significant associations with RA SUVmax (odds ratio [OR]: 14.353, P = 0.026) and
LA volume (OR: 1.371, P = 0.0001). The RA TBR was greater in cases with persistent AF than in those with par-
oxysmal AF (P < 0.0001). Pathological investigation of 4 autopsy hearts confirmed infiltration of extravascular
macrophages and lymphocytes in the regions with FDG uptake.
Conclusions: Higher atrial FDG uptake was associated with AF. PET/CT could be a useful tool for detecting local in-
flammation in the atria with AF.
© 2018 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction [1]. The worldwide incidence, prevalence, and mortality from AF are in-
creasing; thus, AF presents a rapidly growing public health and eco-
Atrial fibrillation (AF) is a common cardiac arrhythmia that may re- nomic burden [2]. Inflammation is involved in AF pathophysiology [3].

sult in life-threatening complications, such as stroke and heart failure Increased C-reactive protein (CRP) levels predicted the development
of new-onset AF in several large, prospective cohorts [4,5]. Inflamma-

tion might result in atrial structural and electric remodeling, the main

Abbreviations: AF, atrial fibrillation; AUC, area under the curve; CRP, C-reactive pro- pathophysiological mechanisms contributing to the initiation and main-

tein; CT, computed tomography; CTR, cardiothoracic ratio; FDG, fluorodeoxyglucose; Hb, tenance of AF. However. direct evidence of local inﬂammatory activity
hemoglobin; LA, left atrium; LV, left ventricle; MIP, maximum intensity projection; PET/ . . . " .
in the atria of patients with AF is scarce.

CT, positron-emission tomography/computed tomography; RA, right atrium; ROC, re- : Pt i : 18
ceiver operator characteristic; ROI, region of interest; SUVmax, maximum standard uptake Noninvasive imaging techniques, such as "°F-fluorodeoxyglucose
value; TBR, target-to-background ratio. (FDG) positron emission tomography/computed tomography (PET/

% All above authors take responsibility for all aspects of the reliability and freedom from CT), can facilitate detection of regional atrial inflammation. However,

bias of the data presented and their discussed interpretation. . . .
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explored the factors influencing enhanced accumulation of FDG in the
atrium.

2. Methods
2.1. Study population

Between April 2011 and June 2016, 8233 patients underwent whole-body FDG-PET/
CT examination as a pretreatment work-up or follow-up for malignancies at Ehime Uni-
versity Hospital. Among them were 180 consecutive patients with AF (2.2%). All patients
completed an interview questionnaire about the duration of fasting, medical history,
and cardiac risk factors. Based on an interview, we included 137 patients with AF
(76.1%) who had fasted for at least 12 h before FDG injection for inclusion in the experi-
mental group (88 men and 49 women; 72.7 4 8.9 years). We excluded patients with ac-
tive inflammatory diseases, cardiac tumor or tumor metastatic to the heart, pericardial
diseases, or pericardial effusion. As controls, we included were 62 age- and sex-matched
patients without a history of AF who had also fasted for at least 12 h before FDG injection.
Patients with diabetes were excluded from the control group.

From the charts, we collected information on current illnesses; medical history, in-
cluding AF treatments, such as ablation and cardioversion; various blood tests results;
blood pressure; and echocardiography and other clinical examination results. >1 year
(up to 2.5 & 1.1 years) after the PET/CT examination, we observed the condition and out-
come of patients and classified their AF as either paroxysmal or persistent: paroxysmal AF
was defined as AF that terminates spontaneously or with intervention within 7 days of
onset, while persistent AF that is sustained >7 days. Therapeutic and follow-up methods
for each patient were decided by the attending physician.

The study protocol was approved by the Institutional Research Ethics Committee (No.
1803001) of Ehime University Graduate School of Medicine. All patients provided written
informed consent before enrollment in the study.

2.2. FDG-PET/CT imaging and analyses

PET/CT images were obtained using a multi-slice scanner (Discovery 600 PET/CT; GE
Healthcare, Milwaukee, WI) 90 min after intravenous administration of FDG at 3.7 MBq/kg
body weight. The fasting plasma glucose (FPG) level was measured just before FDG injection.
Head-to-thigh images from 6 to 7 bed positions were acquired for 3 min/bed position.
Unenhanced CT scan data were collected for attenuation correction and diagnosis. PET/CT fu-
sion images (3.27-mm thick) and maximum intensity projection (MIP) images were recon-
structed and reviewed on an Advantage Workstation Version 7.4 (GE Healthcare).

For visual analysis, the PET/CT fusion images were independently reviewed by 2 expe-
rienced nuclear medicine physicians blinded to patient clinical data, using a 4-point grad-
ing system: grade O, atrial FDG uptake was lower than the adjacent blood pool
(background); grade 1, uptake was similar; grade 2, atrial FDG uptake was slightly higher
than the background; and grade 3, cardiac FDG uptake was evidently higher than the back-
ground. Grade 2-3 atrial FDG uptake was defined as positive. The uptake site in the atria
was recorded. In cases of discordant findings, the final decision was made by consensus.

For quantitative analysis, regions of interest (ROIs) encompassing the cardiac atria
were manually drawn on the serial transaxial and coronal fusion images (Supplemental
Fig. 1). We carefully adjusted the ROI positions to include areas adjacent to the epicardial
adipose tissue (EAT), but not the paracardial adipose tissue. We obtained the highest stan-
dard uptake value (SUV) for the sum of ROISs of all serial slices and determined the maxi-
mum SUV (SUVmax) in the volume of the left (LA) and right atrial (RA) and left ventricular
(LV) myocardium. We also obtained the mean SUV in a spherical volumetric ROI (approx-
imately 2.5 cm?) for the blood pool in the ascending aorta, immediately distal to the aortic
valve, as background [6]. Then, we calculated the target-to-background ratio (TBR) of
maximum target myocardial activity to blood pool activity.

2.3. Echocardiographic analysis

Echocardiography was performed with a Vivid E9 or iE33 ultrasound system (GE
Medical, Horten, Norway; Philips Medical Systems, Andover, MA). Conventional echocar-
diographic parameters were measured according to the recommendations of the
American Society of Echocardiography [7]. LA and RA areas were measured by tracing
the maximum area during systole in the apical 4-chamber view. LV end-diastolic volume,
LV end-systolic volume, and LV ejection fraction were measured using the biplane modi-
fied Simpson's method. All measurements were averaged from 2 cardiac cycles.

2.4. Histological examination

Immunohistochemical analyses were performed on autopsy heart samples from 4 pa-
tients with AF. Tissue samples were taken and fixed in 4% formaldehyde at autopsy.
Paraffin-embedded specimens were serially sectioned and stained with hematoxylin-
eosin, followed by immunostaining with antibodies against CD68, CD3, and CD20. Then,
the microscopic findings were compared with FDG accumulation on PET/CT imaging.

2.5. Statistical analysis

Categorical variables are described as numbers and percentages, whereas continuous
variables are expressed as medians and interquartile ranges or means and 95% confidence

intervals (CIs) where appropriate. Differences between AF and control groups were calcu-
lated with Student's t-test, chi-square test, or Fisher's exact test, as appropriate. Visual and
quantitative analysis data were compared using one-way analysis of variance and a post-
hoc Tukey-Kramer test. A P-value < 0.05 was considered significant. Diagnostic perfor-
mance was assessed by univariate and multivariate analyses. Accuracy of each parameter
in the detection of AF was assessed in terms of the area under receiver operating charac-
teristic (ROC) curves, which were compared using the DeLong method. The optimal cut-
off points were selected using ROC curves.

The accuracy of the different methods was compared using a paired McNemar's test. To
evaluate independent predictors of AF, forward-stepwise logistic regression analysis was
used with variables of clinical importance or a P-value < 0.05. SPSS Statistics (version 25;
IBM, Armonk, NY) and R version 3.4.2 were used for analysis. Intra- and inter-operator repro-
ducibility evaluation of the TBR and SUVmax are summarized in Supplemental results.

3. Results
3.1. Clinical characteristics of the study patients

The fasting duration was 16.5 (14.6-18.2) h at the time of FDG injec-
tion in 137 patients with AF, and 16.9 (15.4-19.6) h in 62 controls (P =
0.103). FPG levels were significantly higher in the AF group (100
[91-110] mg/dl) than in controls (94 [85-102] mg/dl, P = 0.038).

The characteristics of all study patients are summarized in Table 1.
Systolic blood pressure (SBP), frequency of mitral valve diseases, serum
cholesterol, hemoglobin (Hb) Alc, brain natriuretic peptide (BNP), car-
diothoracic ratio (CTR), echocardiographic RA and LA areas, and atrial
maximum SUVs and TBRs differed significantly. The proportion of heart
failure patients was 36.5% in the AF group and 11.3% in controls (P =
0.0003). The LA area was weakly correlated with BNP (r = 0.308).

Echocardiography was performed within 2.8 months before and
after the PET/CT. The LA area was greater than the RA area in both pa-
tients with AF and controls (P < 0.0001). Atrial FDG accumulation did
not correlate with either atrial area.

It has been reported that patients with recent upper gastrointestinal
surgery have an increased risk of developing AF postoperatively. How-
ever, there was no significant difference between these two groups
(15 patients with previous upper gastrointestinal surgery in the AF
group and 5 such patients in the control group: P = 0.531).

3.2. FDG-PET/CT results

The diagnostic capability for detecting AF based on FDG uptake by
the RA and/or LA is summarized in Table 2. Of the 137 patients with
AF, 64 (46.7%) demonstrated accumulation in the RA, and 57 (41.6%)
in the LA (P = 0.394), whereas 63 (46.0%) demonstrated no accumula-
tion. The overall sensitivity, specificity, accuracy, positive-predictive
value, and negative-predictive value for detecting AF by atrial FDG up-
take visually was 54.0%, 95.2%, 66.8%, 96.1%, and 48.4%, respectively.

In 74 patients who were positive for atrial FDG accumulation, we
classified the site of accumulation as follows: 52 (70.3%) in the RA ap-
pendage, 54 (73.0%) in the RA free wall, 45 (60.8%) in the interatrial sep-
tum, 43 (58.1%) in the LA appendage, 39 (52.7%) in the LA anterior wall,
and 25 (33.8%) in the LA posterior wall.

In quantitative analysis, the SUVmax values of the 2 atria were both
significantly higher in patients with AF than in controls (RA SUVmax:
2.50 [2.10-3.00] vs. 2.00 [1.80-2.20], P < 0.0001; LA SUVmax: 2.50
[2.20-3.05] vs.2.10[1.88-2.30], P< 0.0001) (Table 1). There was no sig-
nificant difference between the background FDG uptake in patients
with AF and controls (1.50 [1.30-1.60] vs. 1.40 [1.30-1.55], P =
0.669). The TBRs of both atria were also significantly higher in the AF
group than in controls (RA TBR: 1.62 [1.42-2.11] vs. 1.39 [1.33-1.54],
P <0.0001; LA TBR: 1.65 [1.50-2.00] vs. 1.48 [1.37-1.64], P < 0.0001).
In the AF group, there were no significant differences in SUVmax (P =
0.573) or TBR (P = 0.638) between the RA and LA.

ROC analyses were performed to identify cut-off values for the above
4 indices. The area under the curve (AUC) for detection of AF was 0.795
(95%CI: 0.733-0.856) for RA SUVmax, 0.749 (0.681-0.818) for LA
SUVmax, 0.738 (0.669-0.807) for RA TBR, and 0.689 (0.614-0.765) for
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Table 1
Characteristics of study patients.
Atrial fibrillation Control Pvalue
Number of patients 137 62
Female 49 (36) 30(48) 0.092
Age (years) 73(68-80) 73(68-76) 0.681
Body mass index (kg/m?) 22.8(20.6-25.4) 22.2(20.5-24.4) 0.559
Systolic blood pressure (mm Hg) 118(108-130) 128(118-137) 0.02
Diastolic blood pressure (mm Hg) 66(60-73) 68(62-77) 0.18
Hypertension 72(54) 26(42) 0.125
Hyperlipidemia 44(32) 25(40) 0.275
Smoking 75(60) 26(50) 0.244
Drinking 35(29) 14(34) 0.51
Mitral valve disease 28(21) 2(4) 0.009
Implantable device 15(11) 3(5) 0.174
Blood test Total cholesterol (mg/dL) 175(146-195) 194(166-221) 0.0003
HDL cholesterol (mg/dL) 43(36-55) 54(44-67) <0.0001
LDL cholesterol (mg/dL) 99(79-116) 114(82-137) 0.028
Triglyceride (mg/dL) 102(76-139) 108(78-133) 0.907
Creatinine (mg/dL) 0.90(0.77-1.13) 0.80(0.67-1.00) 0.208
HbAlc (%) 5.9(5.6-6.5) 5.7(5.4-6.0) <0.0001
CRP (mg/dL) 0.20(0.06-0.89) 0.11(0.05-0.34) 0.134
Hemoglobin (g/dL) 12.7(11.1-14.0) 13.0(12.0-13.9) 0.127
BNP (pg/mL) 149.0(56.7-316.0) 22.6(9.0-46.4) <0.0001
Echocardiography Ejection fraction (%) 63(54-68) 62(52-69) 0.929
RA area (cm?) 21.8(14.6-34.8) 9.0(6.6-9.6) <0.0001
LA area (cm?) 30.7(20.6-65.0) 12.9(11.4-14.0) <0.0001
FDG PET/CT CTR (%) 51(47-58) 48(44-52) 0.001
RA SUVmax 2.50(2.10-3.00) 2.00(1.80-2.20) <0.0001
LA SUVmax 2.50(2.20-3.05) 2.10(1.88-2.30) <0.0001
LV SUVmax 4.70(2.70-8.10) 3.05(2.28-6.03) 0.09
RA TBR 1.62(1.42-2.11) 1.39(1.33-1.54) <0.0001
LA TBR 1.65(1.50-2.00) 1.48(1.37-1.64) <0.0001
LV TBR 2.94 (1.80-5.49) 2.17(1.59-4.76) 0.304

Continuous variables are expressed as median (interquartile ranges), or number (%).

HDL indicates high-density lipoprotein; LDL, low-density lipoprotein; HbA1c, hemoglobin Alc; CRP, C-reactive protein; BNP, brain natriuretic peptide; RA, right atrium; LA, left atrium; LV,
left ventricle; CTR, cardiothoracic ratio; SUVmax, maximum standardized uptake value; TBR, target-to-background ratio.

LATBR. RA SUVmax had the largest AUC, which was significantly greater
than that of RA TBR (P = 0.049).

Multivariable logistic regression analysis of 11 clinical and imaging
variables (BMI, SBP, frequency of mitral valve diseases, total cholesterol,
CRP, Hb, RA and LA area, CTR, and RA and LA SUVmax) showed statisti-
cally significant associations with RA SUVmax (odds ratio [OR]: 14.353,
95% ClI: 1.383-148.911, P = 0.026), and LA area (OR: 1.371, 95% CI:
1.160-1.622, P = 0.0001).

The optimal cut-off values for RA and LA TBR were 1.57 and 1.71, re-
spectively. When these cutoff values were adopted, the overall sensitiv-
ity, specificity, accuracy, positive predictive value, and negative
predictive value for detecting AF based on atrial FDG uptake were
65.7%, 75.8%, 68.8%, 85.7%, and 50.0%, respectively (Table 2). When com-
paring the TBR values with each visual grade, there were significant dif-
ferences between grades 1 and 2, and between grades 2 and 3 (P <
0.0001, Supplemental Fig. 2). There was a significant difference between
the TBR values of positive and negative visual findings (RA TBR: 2.15
[1.79-2.63] vs. 1.41 [1.33-1.54], P < 0.0001; LA TBR: 2.16 [1.80-2.64]
vs. 1.50 [1.38-1.63], P < 0.0001). Finally, there was no significant

Table 2
Diagnostic capability for detecting atrial fibrillation based on atrial FDG-uptake.

difference in the diagnostic accuracy between visual and quantitative
analyses based on the TBR (P = 0.182).

3.3. Characteristics of patients with paroxysmal or persistent AF

The characteristics of the patients with paroxysmal or persistent AF
are summarized in Supplemental Table 1. Classification of the type of AF
for each patient was made by the attending physician according to the
2014 AHA/ACC/HRS Guidelines [8]. Patients with long-standing, persis-
tent AF that had lasted longer than 12 months were also included in the
persistent AF group. There were significant differences in age, SBP, CTR,
RA and LA areas, and RA SUVmax and RA TBR. The CRP of persistent AF
was not significantly different from that of paroxysmal AF, but it was
significantly greater than that of controls (P = 0.038).

Multivariable logistic regression analysis for persistent AF among 11
clinical and imaging variables (age, BMI, SBP, HbA1c, CRP, Hb, RA and LA
area, CTR, and RA and LA SUVmax) showed statistically significant asso-
ciations with RA SUVmax (OR: 2.095, 95% CI: 1.039-4.224, P = 0.039),
CTR (OR: 1.087, 95% CI: 1.013-1.166, P = 0.020), and RA area (OR:

Sensitivity Specificity Accuracy Positive predictive value Negative predictive value
Visual analysis RA grading 46.7(64/137) 98.4(61/62) 62.8(125/199) 98.5(64/65) 45.5(61/134)
LA grading 41.6(57/137) 95.2(59/62) 58.3(116/199) 95.0(57/60) 42.4(59/139)
Overall grading 54.0(74/137) 95.2(59/62) 66.8(133/199) 96.1(74/77) 48.4(59/122)
Quantitative analysis RATBR 58.4(80/137) 80.6(50/62) 65.3(130/199) 87.0(80/92) 46.7(50/107)
LA TBR 46.7(64/137) 83.9(52/62) 58.3(116/199) 86.5(64/74) 41.6(52/125)
Overall TBR 65.7(90/137) 75.8(47/62) 68.8(137/199) 85.7(90/105) 50.0(47/94)

Values are expressed as a percentage, followed by the number of patients listed in parentheses.

RA, right atrium; LA, left atrium; TBR, target-to-background ratio.
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1.047, 95% CI: 1.010-1.085, P = 0.012). RA SUVmax and TBR were sig-
nificantly greater in patients with persistent AF than in patients with
paroxysmal AF (both P < 0.0001). In quantitative analysis, the overall
sensitivity for detecting paroxysmal AF was 54.3% (38/70), and that
for detecting persistent AF was 79.1% (53/67).

3.4. Outcomes after AF treatment and FDG PET/CT findings

Among the 137 patients with AF, 21 patienversion as a treatment for
AF before FDG-PET/CT imaging. Supplemental Table 2 summarizes the
age, sex, type of AF, interval between the treatment and PET imaging,
presence or absence of recurrence after treatment, and FDG-PET/CT re-
sults. The FDG uptake in the atria was considered as positive in cases
with TBR exceeding the cut-off value of >1.56 for the RA or >1.71 for
the LA. In 15 patients with recurrent AF after treatment, 10 (66.7%)
had positive FDG uptake, while none of 6 patients without recurrence
were positive for FDG uptake (P = 0.006, Fig. 1).

3.5. Histological findings of postmortem cardiac specimens

During the observation period, 34 patients died. Pathological
investigations were conducted on 4 autopsy hearts within 3 months
after PET/CT imaging. Two hearts had demonstrated FDG accumulation
in both atria, while other 2 had not shown significant accumulation. In
the atrial myocardium specimens from the former 2 hearts, numerous
extravascular CD68-positive macrophages and CD3- or CD20-positive
lymphocytes had infiltrated in the regions demonstrating FDG uptake
(Fig. 2). In the latter patients' hearts, however, immune cells were
scarce despite a significant increase in atrial fibrosis.

4. Discussion
4.1. Major findings of FDG PET/CT for AF

To the best of our knowledge, no previous study has comprehen-
sively demonstrated the diagnostic value of FDG-PET/CT for detection

and identification of inflammatory activity in the atria of patients with
AF. The high positive-predictive value and specificity (both >95% by
visual analysis) indicate that it may be possible to identify patients
with AF when they undergo an oncological PET/CT examination. More-
over, multivariable analysis for AF showed significant associations
with RA SUVmax and LA area. The intensity of FDG uptake on PET/CT
can be measured by SUVmay, i.e., the voxel having the highest FDG in-
tensity. To correct for background blood-pool activity, we determined
the TBR in each patient and found it was closely correlated with visual
grading. The diagnostic accuracy of visual and quantitative analyses
based on TBR are highly similar and may be equally available for clinical
use.

4.2. Comparison with previous studies

There have been a few case reports of PET/CT detection of atrial
FDG uptake in patients with AF. They reported FDG uptake in the
LA appendage [9], the lateral wall of the RA [10], and the crista
terminalis, a crescent-shaped muscle band located in vicinity to the
RA appendage [11]. The sinoatrial node lies above it and its localiza-
tion is important for cardiac electrophysiology studies. We verified
the uptake of FDG at the abovementioned and other regions and
found that 81% (60/74) of patients had positive uptake in >1 region.
Lange et al. performed PET/CT imaging in 37 patients with AF, and re-
ported that there was a slightly higher FDG uptake in the atrial wall
of patients with AF; however, the difference in atrial TBR values be-
tween AF patients and controls was not statistically significant [12].
They suspected that detection of inflammatory activity in the atria
may be hampered by the physiological FDG uptake in the heart
when performed under routine oncological PET. In order to reduce
physiologic myocardial FDG uptake [13], we only included patients
with AF who had fasted for at least 12 h, (fasting duration: 16.5
[14.6-18.2] h) before FDG injection. Prolonged fasting before FDG in-
jection is likely to contribute to the substantially high specificity by
visual analysis.
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Fig. 1. A male patient in his 50s had undergone a lung cancer surgery 14 years previously, and was followed up by several PET/CT examinations. He had severe atrial tachyarrhythmia when
PET/CT imaging was performed, prior to ablation therapy. (A) Avid accumulation of FDG was found in the right atrium (RA) appendage and free wall, atrial septum, left atrium (LA)
appendage, and LA anterior and posterior walls (RA target-to-background ratio [TBR]: 5.00; LA TBR: 5.85). (B) Ten months later, he received additional treatment with cardioversion
for relapsed atrial fibrillation, which was effective. Normal sinus rhythm was restored. At the 1-year PET/CT follow-up study, no FDG uptake was observed in either atrium (RA TBR:

1.29; LATBR: 1.71). MIP indicates maximum intensity projection.
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Fig. 2. A male patient in his 80s who had experienced persistent lone atrial fibrillation (AF) for >7 years underwent PET/CT imaging as a pretreatment examination for duodenal cancer.
(A) He had grade 2 FDG accumulation in the right atrium (RA) (arrow). Pathological investigation of the heart was conducted at his autopsy performed 3 months after the PET/CT.
(B) Histopathology of the pericardium of the RA appendage. Hematoxylin-eosin (H&E) staining shows lymphocyte infiltration around blood vessels in adipose tissue (x200).
Numerous CD68-positive macrophages had infiltrated the whole pericardial tissue. Lymphocytes are partly positive for CD3 and CD20 (x200). MIP indicates maximum intensity

projection.
4.3. FDG uptake in the epicardial adipose tissue and the atrium

Mazurek et al. performed PET/CT imaging in 21 patients with
suspected neoplastic disease and reported that higher SUVs were found
on the EAT in the roof of the left atrium, in the atrioventricular groove
and in the left main artery of patients with AF, as compared to the control
group [14]. This ectopic fat depot, distinct from paracardial fat, surrounds
the myocardium and coronary arteries. The EAT is considered to be a met-
abolically active tissue that produces proinflammatory adipokines [15].
They reported an association of pro-inflammatory activity of the EAT,
rather than of the atria, with the occurrence of AF.

The mean atrial wall thickness has been reported as ranging being
1-4 mm, with a range between 0.5 and 12 mm in post-mortem studies
[16]. In CT measurements, Nakamura et al. found that the anterior LA
wall thickness was significantly greater in patients with paroxysmal AF
(24 £ 0.2 mm) than in those without AF (1.9 4 0.2 mm) [17]. In CT im-
aging, the Hounsfield unit (HU) intensity is used to discriminate between
the tissue types. In some portions, the atrial wall will have similar HU

intensity to neighboring structures, which could make accurate identifica-
tion of the epicardial surface challenging [16]. Moreover, according to a
histological study [15], the EAT sometimes infiltrates into the myocar-
dium, due to the lack of fascia between the EAT and the atrial myocar-
dium. Since PET imaging has limited spatial resolution, FDG uptake into
the EAT or into the atrium is virtually indistinguishable, especially with
various cardiac motions. Thus, in the present study, we decided to adopt
a simplistic approach for setting the atrial ROIs, which included the adja-
cent EAT. Accordingly, we could assess FDG uptake in the atrium, includ-
ing the EAT, with inter-observer and intra-observer reproducibility with a
>95% correlation coefficient.

4.4. Comparison of atrial FDG uptake between paroxysmal and persistent
AF

We found that the RA FDG uptake was higher in patients with persis-
tent AF than in those with paroxysmal AF. Thus, the sensitivity for detec-
tion based on atrial TBR increased from 54.3% for paroxysmal AF to
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79.1% for persistent, possibly due to an increase in the number of in-
flammatory cells in the atria of patients with persistent AF. Multivari-
able analysis for persistent AF showed significant associations with RA
SUVmax, CTR, and RA area. In a large cohort of patients with AF, LA en-
largement was an independent predictor of stroke and systemic embo-
lism [18]. In the present study, the size of LA was greater than that of the
RA in both AF and controls. The RA and LA size increases in the order:
patients with sinus rhythm, paroxysmal AF, and persistent AF. The rela-
tionship between the enlargement of RA and AF has been investigated
in both experimental animals and humans [19,20]. These studies re-
vealed that electrical remodeling and RA enlargement promote AF in-
ducibility and perpetuation. Our results revealed a close relationship
between RA FDG uptake and AF, which may suggest that inflammation
is involved not only in the LA, but also in the RA.

Platonov et al. collected atrial specimens of 30 autopsy hearts in 3
equal-sized age-matched groups: patients without AF, with paroxysmal
AF, or with persistent AF [21]. Patients with persistent AF had more ex-
tensive fibrotic replacement of atrial myocardium and more CD3- and
CD45-positive leukocytes than patients with paroxysmal AF. Atrial
structural changes in the post-mortem material were significantly cor-
related with the presence and severity of AF. We also examined speci-
mens of autopsy hearts obtained after the patients’ PET/CT
examination and found that various inflammatory cells, such as macro-
phages or lymphocytes, had infiltrated in areas that agreed well with
the atrial regions of FDG uptake.

4.5. Follow-up studies

It has been reported that the maintenance of sinus rhythm after car-
dioversion or catheter ablation of persistent AF leads to a gradual de-
crease in CRP levels; these levels remain unchanged in patients with
recurrent AF [22,23]. In the present study, two-thirds of patients with
recurrence after various AF treatments demonstrated FDG uptake,
while none of the patients without recurrence had significant FDG up-
take. Regression of inflammation in the atria was presumed to be the
cause of the disappearance of FDG uptake in the latter patients. Thus,
FDG-PET/CT could be a useful tool for detecting local inflammation in
the atria of patients with AF, especially during follow-up after anti-
arrhythmic therapy. However, the retrospective nature of the study
hampered extension of the diagnostic parameters to various clinical sit-
uations. A prospective study should be considered, which would lead to
more clinically relevant results.

Recently, Ohyama et al. demonstrated that the coronary perivascular
TBR of adipose tissue was significantly increased in patients with vaso-
spastic angina, as compared to controls (1.04 + 0.03 vs. 0.85 + 0.04, P<
0.01), and it was markedly decreased after long-term treatment with
calcium-channel blockers [24]. These findings indicate that FDG PET/
CT could be useful for assessing disease activity even in low-grade in-
flammatory diseases. Finally, detecting inflammation in AF patients
may facilitate development of tailored anti-inflammatory strategies for
the treatment and prevention of AF.

4.6. Study limitations

This study had some limitations. The 4-point grading system, de-
rived visually by the 2 nuclear medicine physicians, might be inherently
subjective. Therefore, using not only such a visual analysis, but also a
quantitative analysis based on the TBR would be a better option in a
clinical context. We included patients who had fasted for at least 12 h
before FDG injection in order to eliminate physiological uptake in the
myocardium. However, fasting for at least 18 h before FDG injection,
and using a low carbohydrate and/or high-fat diet together with a hep-
arin injection may have resulted in additional reduction of the physio-
logical uptake [13]. PET imaging has limited spatial resolution, and
both cardiac and respiratory motions increase image noise and reduce
PET signal. In addition, partial volume effects can influence quantitative

PET analysis of small or thin structures. We may have attained a better
sensitivity with the use of ECG-gated or respiratory-gated PET/CT. Fi-
nally, due to limited insurance coverage, most patients who had AF
underwent imaging due to suspected malignant neoplastic disease,
which might have been a confounding factor.

5. Conclusions

PET/CT findings demonstrated an association between higher atrial
uptake of FDG and AF. Persistent AF had higher atrial FDG uptake than
paroxysmal. A high positive-predictive value and specificity indicated
that it could be possible to identify patients with AF when they undergo
PET/CT for oncological reasons. FDG-PET/CT could be a useful tool for
detecting local inflammation and for assessing disease activity in the
atria of patients with AF.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ijcard.2018.10.106.
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