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Considerable emphasis is being placed on the introduction of
artificial intelligence (AI) and quantification of diagnostic
imaging—both for the purpose of initial diagnosis and treat-
ment monitoring. In an era focusing on improving our deci-
sion making results, it is important to recognize the difference
between qualitative, semi-quantitative and quantitative imag-
ing. Qualitative imaging—the visual review of imaging by a
clinician from which a rendering of disease is present or
absent—is flawed with errors in finding discases
(sensitivity) and correctly eliminating (specificity) disease.
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The focus on quantification has been brought forward by
SNMMI, ASNC, and CMS—all calling for quantification of
nuclear imaging. This has resulted in the erroneous use of the
term quantification for SUV results [1], when at best SUV is a
semi-quantitative method [2]—in contrast to true quantifica-
tion [3, 4]. These differences can best be appreciated as ex-
plained in Table 1 and Fig. 1.

The ability to quantitatively measure the extent of metabol-
ic and regional blood flow differences (RBFDs) makes it pos-
sible to determine exactly where (Fig. 2) the patient is on their

Characteristics distinguishing three approaches to diagnostic imaging

Qualitative imaging

Semi-quantitative

Quantitative

Results discussed in
scientific literature

Calibration Camera not quantitatively
calibrated. Interpretation
per human eye

Reported as Normal, mild, moderate,

severe, absent

Interpretation Subjective
Application to artificial Not applicable given errors

intelligence in sensitivity and specificity

Sensitivity and specificity errors  Sensitivity and specificity errors

Camera not quantitatively calibrated.
Estimates against something not actually
measured by the imaging device

Ratios: Derived from time per injected
radiation per patient body weight or
Radiation per gram per volume

Subjective with various assumptions

Not applicable given errors in
sensitivity and specificity

Accurate, consistent, reproducible

Camera IS quantitatively calibrated.
Calibrated to that which the camera
actually measures—scintillation emissions

Absolute value: Emissions measured and
quantitatively compared with radioactive
decay of isotope

Objective

Already incorporated into
machine-to-machine (M2M)—AlI

This article is part of the Topical Collection on Editorial

>< Richard M. Fleming

! FHHI-Omnificlmaging-Camelot, Los Angeles, CA, USA

Oklahoma University Health Science Center Oklahoma City,
Oklahoma, USA

3 Eastern Virginia Medical School, Norfolk, VA, USA

Published online: 17 January 2020

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00259-019-04668-y&domain=pdf
https://orcid.org/0000-0001-9964-1518

Eur J Nucl Med Mol Imaging

Tot. Counts Max  Min Mean
23591 4351.0  3595.0 3931.8

29615 5320.0 4569.0 4935.8

26656 4986.0 4119.0 4442.7

31550 5834.0 4873.0 5258.3
195 690430 6121.0  1689.0 3540.7
196 349289 2597.0  559.0 1782.1

Fig. 1 Comparison of results obtained using three approaches to
diagnostic imaging. The upper left panel shows vertical long axis,
horizontal long axis, and coronal qualitative results of a myocardial
perfusion imaging (MPI) study with comparison sets of images for clini-
cians to interpret. The upper right panel shows similar displays of

Nb. Pixel Tot. Counts Max  Min Mean
6 17685 3388.0 2628.0 2947.5
22145 4443.0  2991.0 3690.8
19327 3579.0 2922.0 3221.2
23390 4218.0  3406.0 3898.3
143 393133 4443.0 8120 2749.2
143 164061 1659.0  605.0 1147.3

images—this time with semi-quantitative estimates of the ml/g of tis-
sue/min, which are not something actually measured by PET cameras—
requiring a series of assumptions. Finally, the lower half shows true quan-
tification of emitted scintillations measured by FMTVDM following
quantitative camera calibration of isotope emissions [3]
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Fig. 2 True quantification makes possible the placement of a patient’s health status on a quantitative health-spectrum [4]
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Health-Spectrum [4], providing not only for accurate diagnos-
tics but also the ability to provide patient-specific, patient-
directed, and patient-oriented treatment—improving treat-
ment outcomes while reducing time, costs, and lives lost from
ineffective or harmful treatments.

Conclusion

The introduction of tools has separated humanity from the
other animal species for thousands of years. The ability to
visually determine the extent of a problem precedes the
development of tools used to measure the extent of the
problem under consideration; measurements which also
make possible the exchange of information that is repro-
ducible, consistent, and accurate.

The development of nuclear imaging has seen several
changes over the decades; it has been utilized in medical di-
agnostics, including the visual interpretation and in recent
years, semi-quantitative modeling, which is premised upon
assumptions thereby limiting its outcomes as noted by the
continued publication of sensitivity and specificity data.

True quantification, however, does not miss disease when
present and does not attribute disease to be present when it is
not. While qualitative and semi-quantification may be close—
close only counts in a game of horseshoes. Close is not ac-
ceptable for the practice of medicine and the treatment of
patients. True quantification through FMTVDM provides the
doorway through which nuclear imaging leaves the world-of-
close behind and enters the scientific realm of true measure-
ment, diagnostics, and treatment monitoring of patients.
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