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Although the year 2020 was different from other years in many respects, the Journal of Nuclear
Cardiology published excellent articles pertaining to imaging in patients with cardiovascular
disease due to the dedication of the investigators in our field all over the world. In this review,
we will summarize a selection of these articles to provide a concise review of the main
advancements that have recently occurred in the field and provide the reader with an oppor-
tunity to review a wide selection of articles. We will focus on publications dealing with positron
emission tomography, computed tomography, and magnetic resonance and hope that you will
find this review helpful. (J Nucl Cardiol 2021;28:2100–11.)
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INTRODUCTION

The year 2020 has been a tough year for everyone.

Yet, despite the COVID-19 pandemic and the endless

challenges that followed, research and innovation have

not stopped. The determination of scientists has led to

more discoveries in the field of nuclear cardiology. It has

been a tradition to summarize some of the key articles

that were published each year.1–11 This review is

dedicated to the colleagues and loved ones we lost

during the pandemic, and to the bright minds whose

vigorous and endless efforts and dedication transcended

all obstacles to provide us with these amazing papers.

This review will specifically address articles pub-

lished in the Journal relating to positron emission

tomography (PET), cardiac computed tomography

(CT), and cardiac magnetic resonance (CMR).

CORONARY ARTERY DISEASE
AND ATHEROSCLEROSIS

Coronary artery disease (CAD) remains a leading

cause of morbidity and mortality. The drive to improve

diagnostic and prognostic tools through the optimization

of current techniques and innovation with new ones is

ongoing and seems unstoppable.

Early detection of atherosclerotic plaques is an

integral component in the fight against CAD. Inflam-

mation within plaques results in the progression of

atherogenesis, development of microcalcification and

full-blown calcification, and predicts cardiovascular

outcomes.12,13 Coronary artery calcifications are easily

detected on cardiac CT, on CT attenuation correction

used with PET imaging, CT chest, and others, and
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correlate with early myocardial dysfunction.14 Similarly,

calcifications of non-coronary artery vasculature are

equally important since atherogenesis is a systemic

process that involves all arterial beds. For instance,

calcifications of breast arteries seen on mammogram

correlate well with coronary artery calcification and

predict mortality.15

While CT detects mature calcification, 18F-sodium

fluoride (NaF) PET tracer has high affinity for microcal-

cification within plaques that may not be detected yet with

CT and therefore is a promising tool for early detection of

atherogenesis. 18F-NaF PET has been used in the detec-

tion of early coronary microcalcification; however, the

interpretation of the images remains challenging given

small size of the coronary arteries and motion artifact.16

Imaging plaques within the carotid arteries using this

tracer is promising. Indeed, Hop H and colleagues

compared 23 carotid plaques from stroke patients under-

going surgery (17 culprit, 6 non-culprit). The samples

were incubated in 18F-NaF and scanned using micro-

PET.17 The 18F-NaF uptake was also compared with

visualized calcification from microCT scan (Figure 1).

18F-NaF PET imaging showed comparable uptake of

tracer between the culprit and non-culprit lesions, and

therefore was unable to distinguish between them. The

study reaffirms that microcalcification detected with 18F-

NaF PETmay represent a different andmore likely earlier

stage in the calcification process than CT, hence inciting

further efforts in detecting and imaging early atheroge-

nesis. These new exciting and challenging findings

resulted in the paper being awarded the ‘‘Frans J Th

Wackers Best Clinical paper.’’

There is an increasing role for cardiac CT angiog-

raphy (CCTA) and hybrid imaging for the diagnosis of

CAD. In a systemic review and meta-analysis of 661

original studies (71,823 patients), Biondi-Zoccai et al.

showed that non-invasive hybrid imaging tests (sensi-

tivity 87%, specificity 82%) appear superior to anatomic

or functional-only tests to diagnose ischemia-provoking

coronary lesions (FFR as gold reference), whereas

anatomic imaging (sensitivity 95%, specificity 83%) is

best to diagnose and/or rule out angiographically sig-

nificant CAD (invasive coronary angiogram as gold

reference).18

Myocardial-coronary fusion imaging with PET and

CCTA represents a promising concept in hybrid imaging

by moving forward with the integration of anatomic and

functional imaging for CAD. In a pilot study, Piccinelli

et al. performed image fusion techniques to align studies

of patients undergoing 13NH3-PET/CT and CCTA.

Myocardial blood flow (MBF) was calculated by means

of a 1-tissue compartmental model for the standard

vascular territories and along patient-specific vessel

paths from the base to the apex of the heart. The authors

associated a specific myocardial segment to a specific

coronary segment (using CCTA for anatomic mapping)

and compared the results of PET in the specific volume

of interest. Color-coded images were then generated

resembling 3-dimensional fractional flow reserve

(FFR).19,20

Innovative ideas should be validated and optimized

in large multicenter studies before routine clinical

application. Going forward with the idea of PET/CCTA

myocardial-coronary fusion imaging, the dynamic PET/

Figure 1. 18F-NaF microPET and microCT images of human carotid plaque. (A, E) Human
carotid plaque after carotid endarterectomy. (B, F) Sagittal view of ex vivo PET showing a
heterogeneous distribution of 18F-NaF uptake with a clear hotspot (red/yellow). (C, G) Sagittal
view of corresponding microCT images. (D, H) Fused images showing different distributions of
microcalcification (18F-NaF PET) and established calcification (microCT). Scale PET images in
%Inc/g, scale CT images in HU. Reproduced with permission from Hop et al.17 (Figure 1, p. 1070).
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CTA myocardial blood flow assessment with fused

imagery (DEMYSTIFY) study is an observational

prospective clinical study that will develop algorithms

and software tools to fuse coronary anatomy data

obtained from CTA with dynamic PET data to non-

invasively measure absolute MBF, myocardial flow

reserve, and relative flow reserve across specific coro-

nary lesions. Potential benefits include avoiding

unnecessary invasive angiography and angioplasties;

guiding revascularization to the culprit vessel; providing

a complete 3D color flow coded map of the coronary

tree, while avoiding excess radiation and minimizing

overall cost.21

Vasodilator stress PET myocardial perfusion imag-

ing (MPI) with dynamic acquisition provides the tools to

quantify different parameters of absolute MBF, includ-

ing hyperemic MBF, myocardial flow reserve, and

relative flow reserve. In a pooled analysis of 10 studies

(2,522 arteries, 1,099 patients), Cho et al. showed that

hyperemic MBF had the best sensitivity (85.3%) and

relative flow reserve the best specificity (89.7%) for the

diagnosis of significant coronary stenosis, both outper-

forming myocardial flow reserve.22

While FFR is routinely obtained on dynamic PET -

MPI and recognized as gold standard for detection of

ischemia and to appropriately guide therapy, a recent

study by Yokota et al. raised some concern regarding

vessel-specific high false-positive rates. Indeed, an

abnormal FFR was observed in 35.3% of the LAD

measurements, compared to 9.8% in the non-LAD

measurements (P = 0.001) (adjusted odds ratio 5.3,

95% CI 2.2-12.3). Of the abnormal FFR LAD measure-

ments, 70% were non-obstructive on invasive

angiography.23 This discrepancy creates a clinical

dilemma, particularly that data have shown improved

outcomes with FFR-guided therapy. While the mecha-

nism for such high false-positive rate particularly in the

LAD remains unclear, FFR should still be interpreted in

the context of MPI and individualized to each patient.24

Multivessel CAD is often challenging to detect on

MPI where perfusion defects sometimes underestimate

the extent of disease. Transient ischemic dilatation,

stress-induced decrease in LV ejection fraction, abnor-

mal MBF, among other variables provide additional and

complementary prognostic data to traditional perfusion

imaging.25 Mechanical dyssynchrony can also be quan-

tified from gated PET imaging to generate both systolic

and diastolic dyssynchrony parameters, and carries

incremental prognostic value.26,27 In a recent study,

Van Tosh et al. analyzed PET MPI of 105 patients

undergoing evaluation for CAD and identified 15 having

multivessel disease confirmed with angiography. Dias-

tolic regional asynchrony outperformed MBF in

detecting patients with multivessel disease (area under

the curve [AUC] 83% vs. 73%).28 Despite being a small

size study, it sheds the light once more on the impor-

tance of mechanical dyssynchrony indices which are

easily obtained from gated images, have diagnostic and

prognostic value, and should be reported routinely in all

studies.

The use of CZT camera in SPECT MPI has been

associated with improved image quality, less attenuation

artifact, and better performance than traditional cameras,

particularly among overweight patients. Whether

SPECT MPI with CZT performs similarly to 82Rb-

PET imaging is unclear. Hyafil et al. compared the

performance of SPECT MPI with CZT to 82Rb-PET in

313 women and overweight patients, using coronary

angiography with FFR as the gold standard. The study

showed similar specificity, but significantly higher

sensitivity for PET to detect high-risk CAD when

compared to CZT SPECT (85% vs. 57%, P\ 0.05) and

better overall diagnostic performance (AUC 0.86 vs.

0.75, P = 0.04).29 While attenuation correction and

MBF calculation were performed with 82Rb-PET,

neither of them was used with SPECT imaging despite

the fact that CZT camera has robust attenuation correc-

tion and the capability to quantify MBF.30

Although cardiac PET imaging provides high diag-

nostic quality imaging and outperforms SPECT, it

remains susceptible to artifact with room for optimiza-

tion. In particular, increased gastric activity which is

seen in 10% of 82Rb-PET MPI often causes inferior

attenuation artifact and in extreme cases may lead to

inconclusive studies. In an interesting observational

study, Alzahrani et al. showed that proton pump

inhibitors increased gastric spillover of 82Rb in patients

undergoing stress testing.31 Whether such increase in

gastric uptake of 82Rb was associated with clinically

significant number of inconclusive or non-diagnostic

studies is of interest and unfortunately was not reported

in the study. Also, whether proton pump inhibitor might

influence image quality with 13NH3-PET and SPECT is

unclear. While awaiting further studies to validate these

findings, it may be reasonable to advise patient to

withhold proton pump inhibitors prior to 82Rb-PET

imaging.32

Coronary artery plaques may rupture causing acute

coronary syndrome. Post acute myocardial infarction,

complex inflammatory processes occur resulting in

myocardial scarring and ventricular remodeling. In a

swine model of ischemia-reperfusion injury and infarc-

tion, using 18FDG-PET to image inflammatory and

metabolic changes, Xi et al. showed increased FDG

uptake in the infarct zone on day 1 and which persisted

up to 14 days. The increased FDG uptake correlated

with left ventricular (LV) remodeling, reduced ejection

fraction, and increased ventricular volumes.33 The
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unexpected persistence of FDG uptake at last 14 days

post MI is unclear, but speculated to be due to

macrophage infiltration. FDG may not be the optimal

tracer for inflammation and may overestimate the signal

if physiologic uptake is not adequately suppressed; using

specific markers for inflammation and macrophages

might provide additional pathophysiological insights on

post-MI remodeling.34

NON-ISCHEMIC CARDIOMYOPATHY

Amyloidosis

99mTc pyrophosphate bone scan imaging is rou-

tinely performed in the imaging and diagnosis of

transthyretin cardiac amyloidosis (ATTR-CA).35 Given

the high calcium content of the amyloid fibrils, 18F-NaF

PET has been evaluated as a potential imaging modality

for ATTR-CA given its high affinity to calcium.

Martineau et al. 36 performed MPI with 18NaF PET in

7 subjects with ATTR-CA, 4 with AL-CA, and 4

controls. The target-to-background ratios (TBR) were

significantly increased in the ATTR-CA subjects com-

pared to AL-CA and control, while LV standardized

uptake values (SUV) were not. TBR cut-off value of

0.89 had a sensitivity/specificity of 75%/100% (AUC

0.91) and outperformed qualitative interpretation (SN/

SP 57%/100%). Despite high specificity, the low TBR

ratios indicate poor myocardial signal resulting in

reduced sensitivity that needs further improvement

before clinical use.

The role of SPECT imaging in the diagnosis of AL-

CA remains limited. 11C-Pittsburgh B (PIB) is a newly

proposed tracer used in PET imaging of CA that allows

direct imaging of amyloid fibrils, and capable to imaging

both AL and ATTR. The 11C-PIB uptake pharmacody-

namics in CA were recently explained and quantified

using an irreversible two-tissue model that successfully

discriminated patients with CA and controls using SUV

and region of interest.37 Not only is 11C-PIB useful in

the diagnosis of CA, but also recently shown to have

prognostic value as shown in small size pilot study

comparing 11C-PIB PET/CT with 99mTc-aprotinin

scintigraphy in subjects with CA with serial imaging

over a period of 2 months.38 Despite the small size

sample and potential false-positive results from Tc-

aprotinin, the results are ‘‘certainly provocative and

represent early efforts to identify PET imaging tech-

niques that offer prognostic data in patients with CA and

thus the ability to potentially guide management deci-

sions.’’39 While the clinical use of 11C-PIB might be

challenging given its short half-life and the need for an

on-site cyclotron, 18F-florbetapir (FDA-approved brain

imaging agent) is an emerging PET tracer which may

circumvent some of these limitations and potentially

prove to be useful in the evolving landscape of nuclear

imaging in CA.

In a meta-analysis of six studies (39 subjects with

AL, 30 with ATTR), using 11C-PIB (four studies) and

18F-florbetapir (two studies), the pooled sensitivity,

specificity, positive LR, and negative LR of these two

agents were 0.95, 0.98, 10.1, and 0.1, respectively.

Furthermore, the semiquantitative parameters of amy-

loid PET showed significantly higher values for CA

patients than those for controls, and could discriminate

AL versus ATTR (P\ 0.001), hence offering a poten-

tial advantage over SPECT.40 Contrary to bone-seeking

agents used with SPECT imaging, PET radiotracers

seem to be the first to specifically image AL-CA, with a

high TBR, hence minimizing the need for further biopsy

confirmation, and potentially quantifying amyloid bur-

den and response to therapy.41 While these PET agents

are approved mainly for brain imaging in many coun-

tries, their clinical use should be expanded to cardiac

imaging.

Hypertrophic Cardiomyopathy

Patients with hypertrophic cardiomyopathy are not

uncommonly referred for stress imaging for symptoms

of angina, which often turns out to be secondary to

microvascular dysfunction. Yalçin et al. evaluated 108

patients with hypertrophic cardiomyopathy undergoing

both vasodilator stress PET and exercise stress echocar-

diogram.42 Vasodilator-induced transient LV cavity

dilation (ratio[ 1.13 stress/rest) was observed in 51%

of patients; this subgroup had lower stress PET-EF,

reduced myocardial blood flow, increased LV mass, and

lower global longitudinal strain, which may represent

microvascular dysfunction. However, on exercise stress

echocardiogram, only one patient had LV cavity dila-

tion, while the EF at peak exercise increased in all

patients. Differences in the cardiac effects of exercise

and vasodilators and timing of stress-image acquisition

could explain the discordances between PET and

echocardiography. Still vasodilator stress PET imaging

may potential be a useful tool and reflect a greater

sensitivity and ability to detect early myopathy and

microvascular dysfunction.

Sarcoidosis

Sarcoidosis is an inflammatory cardiomyopathy

associated with arrhythmia, sudden cardiac death, and

heart failure.43 18FDG-PET/CT plays a significant role

in the diagnosis of cardiac sarcoidosis. Indeed, in a

recent meta-analysis of 17 studies with 891 patients, the

pooled sensitivity, specificity, positive LR, and negative
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LR were 84%, 83%, 4.9, and 0.2, respectively. Further-

more, the pooled diagnostic odds ratio was 27 (95% CI

14-55) with AUC of 0.90. The moderate sensitivity and

specificity of FDG-PET imaging is encouraging and

could be further enhanced using combined myocardial

perfusion imaging data.44

Both FDG uptake on PET imaging 45 (surrogate of

active inflammation) and late gadolinium enhancement

on CMR 43 (surrogate for scar) are predictive of major

cardiovascular adverse events. However, the level of

FDG uptake that predicts outcomes is not well estab-

lished. Among 67 patients with cardiac sarcoidosis

undergoing 18F-FDG-PET/CT MPI, maximal and mean

SUV uptake particularly at the basal septum were

predictors of composite endpoint (ventricular tachycar-

dia, AICD placement, complete heart block, pacemaker

placement, atrial fibrillation, heart failure, and cardiac-

related hospital admissions) after a mean follow-up of

3 years, and with corresponding odds ratios of 1.068

(P = 0.002) and 1.059 (P = 0.023), respectively.46

Hybrid PET/CMR is an alternative modality that is

gaining momentum in imaging cardiac sarcoidosis, and

was shown in a small size study to provide similar

diagnostic data for 18F-FDG uptake compared to PET/

CT.47

A successful 18FDG/PET imaging of cardiac sar-

coidosis necessitates adequate suppression of

physiologic FDG uptake, which in turn is highly

dependent on strict diet preparation prior to the study.

Different protocols have been adopted with variability in

the duration of fasting, carbohydrate-restricted diets, and

others. Atterton-Evans et al. conducted a systematic

review of 13 studies (11 human, 2 animal) and showed

significant variations in measures used, dietary prescrip-

tions, and fasting times; hence, the authors were unable

to perform adequate comparison to provide unified

recommendation.48 While centers adopt their own pro-

tocols, many are currently performing low-carb, high-fat

diet; 18 hours of fasting (12 hours for diabetic), and

heparin injection to adequately suppress physiologic

FDG uptake.49 The optimal protocol is yet to be

confirmed in a randomized trial.

Patients with cardiac sarcoidosis often have extra-

cardiac involvement. In a pilot study of 33 patients with

FDG uptake in the left ventricle consistent with cardiac

sarcoidosis, Tuominen et al. found that 12/33 had right

ventricular uptake, and 16/33 had extra-cardiac uptake

that was associated with higher SUV max values in the

myocardium.50 In addition, 10/12 patients with both

ventricular uptake had extra-cardiac involvement as

opposed to 6/21 with isolated left ventricular uptake.

Biventricular involvement and extra-cardiac FDG

uptake were predictive of a biopsy indicative of

sarcoidosis. As stated in an editorial by Tahara et al.

this is ‘‘noteworthy because it is better to get a

histologic proof of granulomatous inflammation for

accurately diagnosing CS, which has important prog-

nostic and therapeutic implications to the individual

involved.’’51

Chemotherapy Induced

Cardiac oncology has significantly grown to

become its own specialty.52 Doxorubicin is the corner-

stone chemotherapy agent in patients with lymphoma,

but often associated with dose-related irreversible

myocardial necrosis that results in cardiomyopathy and

heart failure. Indeed, doxorubicin may result in

increased myocardial oxidative stress, resulting into

inflammation and ultimately cellular death and scarring.

In a pilot animal study, Bauckneht et al. demonstrated

directed correlation between Doxorubicin-induced

myocardial oxidative stress (ascertained with biochem-

ical, histological, and immunohistochemical analyses)

and FDG uptake, therefore supporting the potential role

of 18FDG-PET imaging to detect early anthracycline-

induced cardiomyopathy.53 The identification of patients

at highest risk of such cardiomyopathy is key to reduce

hospitalization for heart failure and cardiovascular-

related death. In a recent study, Laursen et al. performed

rest and vasodilator stress 82Rb-PET MPI for 54

patients with lymphoma pre and post first dose of

doxorubicin. Coronary microvascular dysfunction was

defined as worsening of myocardial perfusion reserve

with a drop greater than 20% on serial imaging (post-

pre).54 Indeed, myocardial flow reserve represents a

sensitive marker of vascular function and therefore a

potentially marker of early myocardial injury. The

authors identified 41 patients who developed microvas-

cular coronary dysfunction post doxorubicin, and

considered them as potentially higher risk for develop-

ing cardiomyopathy.54 While advanced age was the only

variable distinguishing patients with and without drop in

perfusion reserve, it remains unclear whether this new

microvascular dysfunction is an independent predictor

of anthracycline-induced cardiomyopathy after adjusting

for age and other key variables.55

Anthracycline and trastuzumab are commonly used

in patients with breast cancer. Surveillance with

echocardiography, particularly global longitudinal

strain, is key for early detection of cardiomyopathy

and initiating early treatment with beta blockers and

angiotensin-converting enzyme inhibitors or changing

chemotherapy agents. Using FDG-PET imaging to

detect early chemotherapy-induced myocardial inflam-

mation and cellular damage, Kim et al. showed that the

presence of right ventricular wall uptake and/or increase

of SUV of right ventricular wall on post-therapy were
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associated with early cardiotoxicity among 121 breast

cancer patients who underwent anthracycline or trastu-

zumab 56 (Figure 2). Unlike anthracycline, trastuzumab

induced cellular apoptosis rather than inflammation and

necrosis; it remains to be seen in larger studies whether

these different pathways of chemotherapy-induced car-

diomyopathy would result in different FDG uptake

patterns, and would influence the sensitivity of the PET

imaging.

INFECTIOUS DISEASE

Chagas’s disease in an infectious cardiomyopathy

associated with microvascular dysfunction, autonomic

denervation, and myocardial fibrosis that lead to ven-

tricular arrhythmia, heart failure, and sudden death.

Barizon et al. performed an interesting study of 13

patients with confirmed Chagas disease that underwent

123I-MIBG SPECT, rest-stress 99mTc-Sestamibi, and

cardiac MRI with late gadolinium enhancement. The

areas of scarring and autonomic dysfunction correlated

well between the different imaging modalities.57 Given

the superiority of PET and better ability quantify

coronary flow reserve and detect inflammation, a PET/

MR hybrid imaging seems to be a comprehensive

modality in patients with Chagas disease. For the avid

readers interested in more information about Chagas

disease, we would highly recommend the following

editorial by Vellasco et al.58

Infective endocarditis is a devastating infectious

disease that is sometimes difficult to diagnose and

requires multi-modality imaging for confirmation. In an

observational single-center study, Gomes et al. prospec-

tively enrolled 176 patients with suspected endocarditis

(native/devices) and compared imaging techniques head

to head in 46 patients that underwent echocardiogram,

CT, and FDG-PET. Echocardiography, CT, and FDG-

PET provided relevant complementary diagnostic infor-

mation. In particular, CT performed best in the

assessment of abscesses and ventricular assist device

infection, while FDG-PET performed best in the assess-

ment of cardiac device infection, extra-cardiac

infectious foci, and alternative diagnoses.59 It is impor-

tant to note that the ‘‘patient management in the authors’

Figure 2. Association between increased 18FDG uptake in the right ventricle with diffuse left
ventricular involvement as a marker of early chemotherapy-induced cardiotoxicity in patients with
breast cancer. Anthracycline and trastuzumab were associated with various patterns of 18FDG
uptake on PET imaging in the left and right ventricles. Patients with right ventricular involvement
were more likely to have diffuse left ventricular involvement and subsequently more likely to have
chemotherapy associated with cardiotoxicity. Reproduced with permission from Kim et al. 56

(Figure 1).
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hospital did not comply with their own protocol in 31%

of cases.’’ Also, the complexity of the algorithm and the

requirements/skills needed to perform all imaging

modalities represent challenges, especially for non-

tertiary referral centers.60

ATRIAL FIBRILLATION

Increased left atrial sympathetic activity is a known

precursor for atrial fibrillation. There has been increas-

ing interest in imaging the left atrium sympathetic

activity using 123I-MIBG.61 Inflammation also predis-

poses to such arrhythmia. Indeed, a recent retrospective

study evaluated 48 patients with atrial fibrillation (32

persistent, 16 paroxysmal) undergoing 18FDG-PET

imaging. Seventeen patients, all with persistent atrial

fibrillation, had increased atrial FDG uptake, particularly

in the right atrium, and 11 patients had increased uptake

in the left atrial appendage. Both right atrial and

appendage activities correlated with increased activity

in epicardial adipose tissue.62 This technique may

identify subgroup of patients where inflammation may

play a role in the pathogenesis of atrial fibrillation. The

fact that mainly patients with persistent atrial fibrillation

had increased FDG uptake is in agreement with the

paper by Ghannam et al. that showed high correlation

between atrial fibrillation burden and left atrial remod-

eling (inflammation and scar)63 (Figure 3). Still, the

small number of patients, suboptimal characterization of

atrial fibrillation (duration ranging from 1 to

66 months), and variability in FDG suppression with

high residual physiologic uptake in the ventricles are

several limitations for the study of Xie et al. as pointed

out in two accompanying editorials.64,65 Partial volume

averaging of a thin left atrium, increase in atrial wall

thickness in patients with left atrial overload tend to

overestimate FDG uptake. Also, gated artifact during

PET image acquisition due to heart rate fluctuation is

another source of error.66 Many of these challenges were

also faced and overcome with late gadolinium enhance-

ment cardiac MRI assessment of left atrial scar. PET, on

the other hand, has an advantage of being able to image

easily patients with devices. Ideally, PET/CMR hybrid

imaging of left atrial remodeling would seem to be the

ideal comprehensive modality.

EXTRA CARDIAC IMAGING

Non-alcoholic Fatty Liver

Non-alcoholic fatty liver disease (NAFLD) is rec-

ognized as an independent predictor of cardiovascular

disease. The majority of patients with NAFLD die from

cardiovascular disease and only 5% from liver disease.67

In a pilot study of 743 asymptomatic subjects (201 with

NAFLD, 542 without NAFLD), Tung et al. found a

strong association between NAFLD and decreased

myocardial glucose uptake (assessed with 18FDG-PET

and quantified using SUVmax) that persisted after

multivariate adjustment and correlated with increased

LV filling pressures, a reflection of early diastolic

dysfunction.68 Previous work published by Lee and

colleagues showed significant correlation between

NAFLD and vascular inflammation with 18F-FDG-

PET in the carotid arteries 69; however, the present study

is the first to elicit through imaging the correlation

between NAFLD and potential cardiac metabolic abnor-

malities. ‘‘The reasons for alterations of the biochemical

processes of myocardial glucose uptake in patients with

NAFLD is not clear, but probably is the result of several

complex biochemical processes involving genetic fac-

tors, atherosclerosis, inflammatory cytokines, insulin

resistance, and other alterations in biochemistry of

glucose and fatty acid metabolism,’’ as pointed out by

Gullberg et al. in an accompanying editorial.70

Incidental Findings of Cardiac CT and CT
Attenuation Images

Extra-cardiac incidental findings on cardiac CT or

CT attenuation images are common and associated with

all-cause and cancer-specific mortality.71 Using data

from randomized controlled trial of patients with chest

pain (cardiac CT vs. MPI), Goldman et al. found no

extra-cardiac incidental findings in the MPI arm that

served as a control versus 386 incidental findings among

187 cardiac CT studies. Patients in the cardiac CT group

underwent subsequently more inpatient testing

(P = 0.042) and outpatient CT chest in the year follow-

ing admission (14% vs. 3%, P = 0.029).72 Therefore,

incidental findings often result in more downstream

testing that will incur higher cost and burden to the

healthcare system.

Bone Density and Cardiovascular
Outcomes

Reduced bone mineral density has been shown in

few studies to be associated with heart failure, although

the pathophysiology remains unclear.73 Fietcher et al.

evaluated bone mineral density obtained from CT

attenuation images of 491 patients (mean age 65 years,

32% women) undergoing 13NH3-PET/CT imaging for

evaluation of CAD. After a median follow-up of

4.3 years, patients with reduced bone density (B 100

Hounsfield units) had significantly worse outcomes (log

rank P = 0.037). Furthermore, reduced bone mineral

density was an independent predictor of cardiovascular
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events in men but not in women (P for interac-

tion = 0.007).74 Therefore, CT attenuation correction

imaging obtained from PET MPI are useful not only to

assess for coronary artery calcification, but also for

reduced bone mineral density, particularly in men, as the

data seem to have incremental prognostic value and is

readily available for analysis.

TECHNICAL CORNER

Quantitative perfusion and coronary flow capacity

with PET MPI may be overestimated by 50-150% if

correction of partial volume loss due is not properly

performed.75 Similarly, accurate and reproducible arte-

rial input function is essential as it may alter the optimal

guidance of intervention in at least 7% of patients.76

Motion artifact is another pitfall in PET imaging that

may impact accurate MBF quantification with 82Rb-

PET. Although motion correction can be performed

manually, this might introduce a source of variability,

particularly when serial imaging and comparison are

needed. Poitrasson-Rivière et al. showed in a

randomized blinded trial that automated motion correc-

tion significantly decreased inter-user variability and

reduced processing time.77

PET/CMR hybrid imaging is a powerful modality

that takes advantages of two complementary techniques,

and is more commonly utilized. However, it is techni-

cally more challenging than other modalities,

particularly with the multiple associated artifacts in the

MR-based attenuation correction maps. In a recent study

that was awarded the ‘‘William Strauss Best Technical

paper,’’ Lassen M and colleagues performed 13NH3-

PET/MR in 20 patients with ischemic cardiomyopathy,

utilizing standard DIXON-attenuation correction.78 The

average respiratory misalignment was 7 mm and

observed in 90% of patients. Furthermore, susceptibility

artifacts were observed in half of the patients along with

substantial changes in lung volumes on attenuation

correction maps, and almost a third had tissue inversion

artifact. All of these resulted in 15% false-positive rate

(Figure 4).78 Therefore, in PET/CMR hybrid imaging

studies, standard DIXON-attenuation correction maps

must be examined carefully for artifacts and

Figure 3. 18FDG uptake on PET imaging in patients with atrial fibrillation. The figure illustrates
different patterns of left atrial remodeling and uptake of 18FDG in patients with atrial fibrillation
using PET. Reproduced with permission from Ghannam et al. 63 (Figure 1).
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misalignment effects to avoid misinterpretation of

biased perfusion and metabolism readings from the

PET data.

The standard Dixon-based attenuation correction in

PET/CMR segments only the air, lung, fat, and soft-

tissues (4 class), while neglecting the highly attenuating

bone tissues which may affect quantification in bones

and adjacent vessels. Utilizing the distinctively high

bone uptake rate constant Ki expected from 18F-NaF to

segment bones from PET data, Karakatsanis et al.

showed that 5-class hybrid PET/MR-driven attenuation

correction (compared to 4 class) resulted in 18% higher

TBR at carotid bifurcation with 18F-NaF and similarly

with 18FDG-PET. Results were independent of history

of prior CAD.79

Quantitative parameters are derived from perfusion

and gated imaging using one of the commercially

available software packages. With SPECT imaging, our

group have shown significant differences between three

softwares in measuring perfusion defect size, LV func-

tion, and more importantly quantifying defect size.80,81

Similar study was performed with 82Rb-PET measuring

LV volumes, mass, and EF using different software

packages; while measurement were reproducible within

each software, the concordance between software was

poor, hence necessitating the use of same software

particularly with serial imaging.82 Similarly, poor agree-

ment with reversible defects, global stress MBF and

MFR, and regionally dependent discrepancies were

noted among 3 softwares used to process dynamic data

from 13NH3-PET.83 Therefore, each PET facility should

strive for consistency not only in the choice of positron-

emitting radiotracer, protocols, and remaining steps in

the processing of desired quantitative parameters, but

also in their software package for optimal patient care.84
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