
EDITORIAL

Does simplified quantitative analysis of 18F-FDG
PET in cardiac inflammatory disease work?

R. Nkoulou, MD,a,b and H. Zaidi, PhDa,c,d,e

a Division of Nuclear Medicine and Molecular Imaging, Geneva University Hospital, Geneva,

Switzerland
b Division of Cardiology, Geneva University Hospital, Geneva, Switzerland
c Department of Nuclear Medicine and Molecular Imaging, University of Groningen, Groningen,

Netherlands
d Geneva University Neurocenter, University of Geneva, Geneva, Switzerland
e Department of Nuclear Medicine, University of Southern Denmark, Odense, Denmark

Received Dec 15, 2017; accepted Dec 18, 2017

doi:10.1007/s12350-017-1179-2

See related article, pp. 909–918

The versatile substrate utilization of healthy myo-

cardium is a persistent challenge when contemplating

the use of 18F-labeled fluorodeoxyglucose (18F-FDG) for

the depiction of cardiac inflammatory disease.1,2

Strategies aiming at refraining from glucose utilization

in the normal myocardium in a way to contrast with

abnormal inflammatory processes (that exclusively rely

on carbohydrates as metabolic substrate) have been

advocated. The main stem of using prolonged fasting of

at least 12 hour to even above 18 hour alone, fatty meals

or unfractionated heparin as a means to promote hepatic

release of free fatty acids, has enabled a more pre-

dictable metabolic suppression of the normal

myocardium.3-5

The detection of sarcoidosis, a systemic inflamma-

tory disease characterized by non-necrotizing granuloma

and with cardiac involvement in 20%-50% of cases that

affects survival,6,7 has benefited from these metabolic

suppression interventions. This is attested by the grow-

ing evidence supporting possible diagnosis of this

condition with cardiac 18F-FDG PET8 giving at the same

time sizable information on prognosis9 and on moni-

toring medical treatment.10

Consensus is expected to promote standardized

clinical scenarios, imaging preparation, acquisition, and

reporting procedures so as to deliver the best level of

evidence in favor of an added value of 18F-FDG PET in

the diagnosis and management of such conditions.11-13

A key component lies in quantifying the extent of the

inflammatory process in a manner that enables pooling

of data among institutions and low variability for repe-

ated measurements.

As opposed to PET myocardial perfusion or via-

bility imaging, semiquantitative analysis of cardiac

inflammatory disease using PET deals with a high

background activity as compared to the myocardium,

which is less favorably displayed using activity polar

maps. Metabolic substrate utilization switch and inho-

mogeneous myocardial uptake on repeated examinations

also hamper the comparison of standard semiquantita-

tive assessment using standardized polar maps. Along

with visual qualitative interpretation of the static images,

a number of image-derived PET metrics have been

proposed in clinical oncology to achieve the common

goal of objective and reproducible quantification of

tracer uptake across vendors and over time that can also

be applied to cardiac inflammatory PET studies:14,15

– Basic first-order metrics provide a semiquantitative

value reflecting tracer uptake in the hottest voxel

(SUVmax)
16 or mean over a 1 mL spherical volume of

interest (VOI) centered at the hottest voxel (SUV-

peak).
14 The former metric is strongly affected by

image noise and provides limited information about

the extension of abnormal activity.

Reprint requests: R. Nkoulou, MD, Division of Nuclear Medicine and

Molecular Imaging, Geneva University Hospital, Geneva, Switzer-

land; rene.nkoulou@hcuge.ch

J Nucl Cardiol 2019;26:919–21.

1071-3581/$34.00

Copyright � 2018 American Society of Nuclear Cardiology.

919

http://crossmark.crossref.org/dialog/?doi=10.1007/s12350-017-1179-2&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12350-017-1179-2&amp;domain=pdf


– Second-order metrics (SUVmean, MTV, TLG) add a

refinement through definition of tumor volumes using

either manual delineation (prone to large intra- and

interobserver variability) or semi- or fully automated

PET image segmentation techniques (usually provide

better reproducibility of results).10,17,18

– Third-order metrics (textural features and radiomics)

remain an active field of research aiming at capital-

izing on the heterogeneity of tracer uptake and its

textural features within the selected VOI to discrim-

inate patterns of disease.19,20

– The most advanced quantification techniques rely on

the use of parametric imaging derived from dynamic

imaging and simplified or more complex compart-

mental modeling techniques in a way similar to

coronary flow reserve quantification.21,22

The article of Manabe et al. in this issue of the

Journal of Nuclear Cardiology is in line with the trend

toward standardization of quantitative analysis.23 The

authors retrospectively analyzed 190 consecutive

patients referred for general inflammatory or oncologic

indications. A second-order metric, referred to as the

volume of cardiac metabolic volume (CMV), derived

from a PET activity threshold related to nearby back-

ground activity within a ROI defined in the liver, the left

ventricle (LV), or the descending aorta (DA). Analysis

was performed to determine the most suitable reference

ROI characterized by less interdependency with CMV

and with the extent of fasting which is an important

quality parameter of cardiac inflammatory PET exami-

nations. DA aroused as the ROI of choice with less CMV

value dependency as compared to LV and no variation

over time as opposed to the value of liver ROI, which

significantly increased with prolonged fasting. Such

contribution is of great importance since it provides us

with a means to more reproducibly quantify abnormal

cardiac metabolic volumes using a second-order metric

that integrates information on the extent of the disease

process, more robust than the mere SUVmax routinely

reported in most imaging centers. Adopting CMV and

DA ROI could be easily implemented in the daily routine

and have the advantage of keeping with the conventional

throughput of patients injected with the radioactive tracer

one hour before starting the acquisition.

In the meantime, several leaps forward in the con-

cept of dynamic PET acquisition have occurred that

increased the robustness of 18F-FDG PET quantification

during early post-injection phase. Improving quantifi-

cation through early dynamic imaging and extrapolation

of delayed regional activity from tissue tracer kinetics

could obviate the need for conventional one-hour post-

injection acquisition. Some of the technical advances

that would enable such paradigm shift are extended axial

field of view that would more reliably position the heart

in the center of the field of view where count sensitivity

is the highest, or continuous bed motion acquisition that

would reduce axial sensitivity inhomogeneity and enable

dynamic imaging on multiple bed positions.24 The

improved detector sensitivity and time-of-flight resolu-

tion implemented in the latest digital PET systems could

also contribute to improved signal-to-noise ratio as

suggested by preliminary results.25

Trends are evolving toward using the most relevant

metrics available in PET quantification and evidence is

gathering toward preferring dynamic imaging for this

purpose. Yet, for diseases presenting with low incidence

rates, such as cardiac inflammatory processes making

the proof of an added clinical value of the more

advanced quantification tools using dynamic imaging

will take a tremendous amount of time. In this context,

comparison of historical, contemporary, and future 18F-

FDG cardiac inflammatory PET studies using refined

second-order metrics as emphasized by Manabe et al.23

in this issue of the Journal of Nuclear Cardiology might

provide a common reporting ground and enable pooling

of data and experience over time.

Disclosure

R. Nkoulou has nothing to disclose. H. Zaidi has a grant

from Siemens Healthineers that is not influencing this editorial.

References

1. Wisneski JA, Gertz EW, Neese RA, Mayr M. Myocardial meta-

bolism of free fatty acids. Studies with 14C-labeled substrates in

humans. J Clin Investig 1987;79:359-66.

2. Wallhaus TR, Taylor M, DeGrado TR, Russell DC, Stanko P,

Nickles RJ, et al. Myocardial free fatty acid and glucose use after

carvedilol treatment in patients with congestive heart failure.

Circulation 2001;103:2441-46.

3. Langah R, Spicer K, Gebregziabher M, Gordon L. Effectiveness of

prolonged fasting 18f-FDG PET-CT in the detection of cardiac

sarcoidosis. J Nucl Cardiol 2009;16:801-10.

4. Manabe O, Yoshinaga K, Ohira H, Masuda A, Sato T, Tsujino I,

et al. The effects of 18-h fasting with low-carbohydrate diet

preparation on suppressed physiological myocardial (18)F-fluo-

rodeoxyglucose (FDG) uptake and possible minimal effects of

unfractionated heparin use in patients with suspected cardiac

involvement sarcoidosis. J Nucl Cardiol 2016;23:244-52.

5. Masuda A, Naya M, Manabe O, Magota K, Yoshinaga K, Tsutsui

H, et al. Administration of unfractionated heparin with prolonged

fasting could reduce physiological 18F-fluorodeoxyglucose uptake

in the heart. Acta Radiol 2016;57:661-68.

6. Iwai K, Sekiguti M, Hosoda Y, DeRemee RA, Tazelaar HD,

Sharma OP, et al. Racial difference in cardiac sarcoidosis inci-

dence observed at autopsy. Sarcoidosis 1994;11:26-31.

7. Silverman KJ, Hutchins GM, Bulkley BH. Cardiac sarcoid: a

clinicopathologic study of 84 unselected patients with systemic

sarcoidosis. Circulation 1978;58:1204-11.

920 Nkoulou and Zaidi Journal of Nuclear Cardiology�
Quantitative analysis of 18F-FDG PET in cardiac inflammatory disease work? May/June 2019



8. Youssef G, Leung E, Mylonas I, Nery P, Williams K, Wisenberg

G, et al. The use of 18F-FDG PET in the diagnosis of cardiac

sarcoidosis: a systematic review and metaanalysis including the

Ontario experience. J Nucl Med 2012;53:241-48.

9. Blankstein R, Osborne M, Naya M, Waller A, Kim CK, Murthy

VL, et al. Cardiac positron emission tomography enhances prog-

nostic assessments of patients with suspected cardiac sarcoidosis. J

Am Coll Cardiol 2014;63:329-36.

10. Osborne MT, Hulten EA, Singh A, Waller AH, Bittencourt MS,

Stewart GC, et al. Reduction in (1)(8)F-fluorodeoxyglucose uptake

on serial cardiac positron emission tomography is associated with

improved left ventricular ejection fraction in patients with cardiac

sarcoidosis. J Nucl Cardiol 2014;21:166-74.

11. Slart R, Glaudemans A, Lancellotti P, Hyafil F, Blankstein R,

Schwartz RG, et al. A joint procedural position statement on

imaging in cardiac sarcoidosis: from the Cardiovascular and

Inflammation & Infection Committees of the European Associa-

tion of Nuclear Medicine, the European Association of

Cardiovascular Imaging, and the American Society of Nuclear

Cardiology. Eur Heart J-Cardiovasc Imaging 2017;10:1073-89.

12. Chareonthaitawee P, Beanlands RS, Chen W, Dorbala S, Miller

EJ, Murthy VL, et al. Joint SNMMI-ASNC expert consensus

document on the role of (18)F-FDG PET/CT in cardiac sarcoid

detection and therapy monitoring. J Nucl Cardiol 2017;24:1741-

58.

13. Ishida Y, Yoshinaga K, Miyagawa M, Moroi M, Kondoh C, Kiso

K, et al. Recommendations for (18)F-fluorodeoxyglucose positron

emission tomography imaging for cardiac sarcoidosis: Japanese

Society of Nuclear Cardiology recommendations. Ann Nucl Med

2014;28(4):393-403.

14. Wahl RL, Jacene H, Kasamon Y, Lodge MA. From RECIST to

PERCIST: evolving Considerations for PET response criteria in

solid tumors. J Nucl Med 2009;50:122S-50S.

15. Carlier T, Bailly C. State-of-the-art and recent advances in quan-

tification for therapeutic follow-up in oncology using PET.

Frontiers Med 2015;2:18.

16. Huang SC. Anatomy of SUV. Standardized uptake value. Nucl

Med Biol 2000;27(7):643-46.

17. Ohira H, Ardle BM, deKemp RA, Nery P, Juneau D, Renaud JM,

et al. Inter- and intraobserver agreement of (18)F-FDG PET/CT

image interpretation in patients referred for assessment of cardiac

sarcoidosis. J Nucl Med 2017;58:1324-29.

18. Hatt M, Lee JA, Schmidtlein CR, Naqa IE, Caldwell C, De Ber-

nardi E, et al. Classification and evaluation strategies of auto-

segmentation approaches for PET: report of AAPM task group No.

211. Med Phys 2017;44:e1-e42.

19. Orlhac F, Soussan M, Maisonobe JA, Garcia CA, Vanderlinden B,

Buvat I. Tumor texture analysis in 18F-FDG PET: relationships

between texture parameters, histogram indices, standardized

uptake values, metabolic volumes, and total lesion glycolysis. J

Nucl Med 2014;55:414-22.

20. Tixier F, Hatt M, Le Rest CC, Le Pogam A, Corcos L, Visvikis D.

Reproducibility of tumor uptake heterogeneity characterization

through textural feature analysis in 18F-FDG PET. J Nucl Med

2012;53:693-700.

21. Burger IA, Burger C, Berthold T, Buck A. Simplified quantifica-

tion of FDG metabolism in tumors using the autoradiographic

method is less dependent on the acquisition time than SUV. Nucl

Med Biol 2011;38:835-41.

22. Karakatsanis NA, Zhou Y, Lodge MA, Casey ME, Wahl RL, Zaidi

H, et al. Generalized whole-body Patlak parametric imaging for

enhanced quantification in clinical PET. Phys Med Biol 2015;

60:8643-73.

23. Manabe O, Kroenke M, Aikawa T, Murayama A, Naya M, Masuda

A, et al. Volume-based glucose metabolic analysisof FDG PET/

CT: The optimum thresholdand conditions to suppress physio-

logicalmyocardial uptake. J Nucl Cardiol 2017. https://doi.org/

10.1007/s12350-017-1122-6.

24. Zaidi H, Karakatsanis N. Towards enhanced PET quantification in

clinical oncology. Br J Radiol 2017. https://doi.org/10.1259/

bjr.20170508.

25. Nguyen NC, Vercher-Conejero JL, Sattar A, Miller MA, Mani-

awski PJ, Jordan DW, et al. Image quality and diagnostic

performance of a digital PET prototype in patients with oncologic

diseases: initial experience and comparison with analog PET. J

Nucl Med 2015;56:1378-85.

Journal of Nuclear Cardiology� Nkoulou and Zaidi 921

Volume 26, Number 3;919–21 Quantitative analysis of 18F-FDG PET in cardiac inflammatory disease work?

https://doi.org/10.1007/s12350-017-1122-6
https://doi.org/10.1007/s12350-017-1122-6
https://doi.org/10.1259/bjr.20170508
https://doi.org/10.1259/bjr.20170508

	Does simplified quantitative analysis of 18F-FDG PET in cardiac inflammatory disease work?
	Disclosure
	References




