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M olecular imaging serves as a powerful tool
for cardiovascular clinical care and
research. These techniques, especially

those using positron emission tomography (PET) inte-
grated with computed tomography (CT) or magnetic
resonance imaging, have become integral in the care
of individuals with suspected or known coronary
and systemic atherosclerosis, cardiac sarcoidosis,
and cardiac amyloidosis, among others (1–4). Concur-
rently, basic and clinical research continues to yield
novel applications of molecular imaging to study the
biology underlying cardiovascular pathologies, to
assess response to therapy, and to identify findings
with important clinical implications.

Multimodality imaging with PET/CT provides a
unique opportunity to measure tracer activity
and structural features simultaneously within
distinct tissues. Leveraging the multitissue imaging
afforded by this technique, a growing body of
research has generated novel insights by evaluating
tracer activity outside of the original tissues of
interest. Within this paradigm, 18F-florbetapir, a PET
tracer initially used to identify protein deposition in
Alzheimer disease, has been implemented in cardiac
and extracardiac amyloidosis (3,5). Similarly, uptake
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of 18F-fluorodeoxyglucose (18F-FDG), a radioactive
glucose analog used to assess for malignancy,
myocardial viability, systemic inflammatory diseases,
and infection, has additionally been used to evaluate
atherosclerotic inflammation (6). Assessment of
18F-FDG uptake can also be leveraged to elucidate
multiorgan disease mechanisms. For example,
18F-FDG activity measured in the amygdala, a neural
center involved in the neurobiological response to
psychosocial stress, was recently found to robustly
predict the risk of subsequent cardiovascular disease
(CVD) through a serial pathway:

[amygdalar activity / [bone marrow activity /

[arterial inflammation / [CVD risk (7)
Hence, multitissue, multimodality molecular im-

aging provides a trove of valuable information
beyond the initial target tissue alone.

In this vein, investigators have derived important
insights into CVD by studying off-target 18F-sodium
fluoride (18F-NaF) uptake. 18F-NaF is a PET tracer that
binds to hydroxyapatite and has been used for
decades to identify bone formation and pathologies
(e.g., metastatic disease) (8). Importantly, 18F-NaF-
PET/CT imaging localizes to biologically active
microcalcifications (<50 mm) that are far below the
detection threshold of CT (9). Previously, observant
imagers noticed incidentally that 18F-NaF frequently
accumulated in cardiovascular tissues. Subsequent
studies showed that 18F-NaF uptake is greater within
rupture-prone or symptomatic atheroma, and can
predict CVD events (9–11). Accordingly, measurement
of 18F-NaF activity within larger arteries has devel-
oped into an exciting technique for imaging
atherosclerosis.

The study by Nakahara et al. (12) in this issue of the
Journal takes advantage of many of the aforemen-
tioned strengths of 18F-NaF and of multimodality
molecular imaging to derive its innovative finding.
https://doi.org/10.1016/j.jacc.2018.10.073
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The researchers astutely made the observation that
penile arterial 18F-NaF uptake was frequently
heightened in patients with prostate cancer who also
had erectile dysfunction (ED). Given that endothelial
dysfunction plays an important role in ED (13), the
investigators hypothesized that penile arterial
18F-NaF uptake may serve as a marker of vasculogenic
ED. To test that hypothesis, they retrospectively
analyzed penile arterial 18F-NaF uptake on PET/CT
images that were initially acquired to assess for bone
metastasis in 437 prostate cancer patients. They
found that individuals with prevalent ED (i.e., diag-
nosed before scanning) or incident ED (i.e., diagnosed
within 1 year of follow-up) had significantly higher
penile 18F-NaF uptake than those without ED.
Further, higher 18F-NaF uptake associated with a
greater likelihood of developing ED after adjustment
for covariables including cancer treatment, vascular
macrocalcifications, and pharmacotherapies associ-
ated with ED.

Additionally, the investigators harnessed struc-
tural data from the CT images to measure arterial
macrocalcification. Interestingly, unlike the substan-
tially larger Multiethnic Study of Atherosclerosis,
the current study found no significant relationship
between CT-detected large-vessel atherosclerotic
macrocalcification and ED (14). It is possible that the
current study was underpowered to observe a sig-
nificant association between macrocalcification and
ED, or perhaps the pathobiology of ED in prostate
cancer differs from the general population. However,
the investigators convincingly showed that 18F-NaF
measures of penile arterial microcalcification predict
ED substantially more robustly when compared with
CT measures of large-vessel macrocalcification in this
study’s population.

This study’s findings have near-term implications.
First, they raise the possibility that the process of
penile arterial microcalcification may contribute to
the development of ED. Future studies should
evaluate whether antagonism of penile artery
microcalcification may be effective in ED (perhaps
using drugs that reduce calcification activity,
including those that are currently being investigated
in the context of aortic valve calcification). Second,
the study highlights 18F-NaF imaging as a novel tool
that could be used to study vasculogenic ED: to
enrich ED trials by identifying individuals at highest
risk for ED or to be used as a surrogate marker for
predicting treatment response. Third, 18F-NaF PET/
CT imaging continues to be used routinely for
assessment of possible bone pathology; thus, high
penile arterial 18F-NaF activity will no doubt be
recognized incidentally. The question of what to do
for such individuals with incidentally observed high
penile arterial 18NaF uptake will certainly arise.
Although further work is still needed to define the
clinical utility of this imaging approach, in the
meantime, it may be reasonable to consider in-
dividuals with high penile 18NaF uptake to be at
increased risk for ED and to contemplate referral to
a urologist for interventions that may ameliorate or
prevent ED.

This study is not without limitations. Its cohort
was derived retrospectively, and all individuals had
prostate cancer, so broad generalization of the find-
ings should be avoided. Additionally, the number of
individuals without ED in this cohort was small but
was consistent with the high prevalence of ED in a
treated prostate cancer population. Therefore, the
reported accuracy of this approach for predicting ED
should be interpreted cautiously. Prospective studies
of larger populations of subjects with and without
cancer are needed to evaluate the utility of 18F-NaF
imaging for assessment of ED risk. Furthermore, the
observation of an association between micro-
calcification and ED risk, while intriguing, does not
denote causation.

Despite these limitations, the study by Nakahara
et al. (12) is noteworthy. It represents an initial
innovative use of 18F-NaF imaging to evaluate penile
artery atherosclerosis and shows that penile arterial
18F-NaF uptake may predict the subsequent devel-
opment of ED. Should these findings be confirmed in
prospective studies, then penile 18F-NaF uptake could
be evaluated routinely in clinically obtained 18F-NaF
scans, providing an opportunity to initiate
interventions aimed at forestalling the development
of ED.

ADDRESS FOR CORRESPONDENCE: Dr. Ahmed
Tawakol, Cardiology Division, Massachusetts General
Hospital, 55 Fruit Street, Yawkey 5E, Boston, Massachu-
setts 02114-2750. E-mail: atawakol@mgh.harvard.edu.
Twitter: @MassGeneralNews.
RE F E RENCE S
1. Tawakol A, Fayad ZA, Mogg R, et al. Intensifi-
cation of statin therapy results in a rapid reduction
in atherosclerotic inflammation: results of a
multicenter fluorodeoxyglucose-positron emission
tomography/computed tomography feasibility
study. J Am Coll Cardiol 2013;62:909–17.
2. Blankstein R, Osborne M, Naya M, et al. Cardiac
positron emission tomography enhances prog-
nostic assessments of patients with suspected

mailto:atawakol@mgh.harvard.edu
https://twitter.com/MassGeneralNews
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref1
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref1
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref1
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref1
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref1
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref1
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref2
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref2
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref2


J A C C V O L . - , N O . - , 2 0 1 8 Tawakol et al.
- , 2 0 1 8 :- –- Penile Artery 18F-NaF Uptake and Erectile Dysfunction

3

cardiac sarcoidosis. J Am Coll Cardiol 2014;63:
329–36.

3. Dorbala S, Vangala D, Semer J, et al. Imaging
cardiac amyloidosis: a pilot study using (1)(8)
F-florbetapir positron emission tomography. Eur J
Nuclear Med Molecular Imag 2014;41:1652–62.

4. Murthy VL, Naya M, Foster CR, et al. Improved
cardiac risk assessment with noninvasive measures
of coronary flow reserve. Circulation 2011;124:
2215–24.

5. Wagner T, Page J, BurnistonM, et al. Extracardiac
(18)F-florbetapir imaging in patients with systemic
amyloidosis: more than hearts and minds. Eur J
Nuclear Med Molecular Imag 2018;45:1129–38.

6. Joseph P, Tawakol A. Imaging atherosclerosis
with positron emission tomography. Eur Heart J
2016;37:2974–80.

7. Tawakol A, Ishai A, Takx RAP, et al.
Relation between resting amygdalar activity and
cardiovascular events: a longitudinal and cohort
study. Lancet 2017;389:834–45.

8. Blau M, Nagler W, Bender MA. Fluorine-18: a
new isotope for bone scanning. J Nucl Med 1962;
3:332–4.

9. Joshi NV, Vesey AT, Williams MC, et al. 18F-
fluoride positron emission tomography for identi-
fication of ruptured and high-risk coronary
atherosclerotic plaques: a prospective clinical trial.
Lancet 2014;383:705–13.

10. Vesey AT, Jenkins WS, Irkle A, et al. (18)F-
fluoride and (18)F-fluorodeoxyglucose positron
emission tomography after transient ischemic
attack or minor ischemic stroke: case-control
study. Circ Cardiovasc Imaging 2017;10:
e004976.

11. Forsythe RO, Dweck MR, McBride OMB, et al.
(18)F-sodium fluoride uptake in abdominal aortic
aneurysms: The SoFIA(3) Study. J Am Coll Cardiol
2018;71:513–23.
12. Nakahara T, Narula J, Tijssen JGP, et al. 18F-
fluoride positron emission tomographic imaging
of penile arteries and erectile dysfunction.
J Am Coll Cardiol 2019 Mar 4 [E-pub ahead of
print].

13. Kaiser DR, Billups K, Mason C, Wetterling R,
Lundberg JL, Bank AJ. Impaired brachial artery
endothelium-dependent and -independent vaso-
dilation in men with erectile dysfunction and no
other clinical cardiovascular disease. J Am Coll
Cardiol 2004;43:179–84.

14. Feldman DI, Cainzos-Achirica M, Billups KL,
et al. Subclinical Vascular Disease and Subsequent
Erectile Dysfunction: The Multiethnic Study of
Atherosclerosis (MESA). Clinical Cardiol 2016;39:
291–8.

KEY WORDS atherosclerosis, calcification,
erectile dysfunction, molecular imaging, NaF,
positron emission tomography, sodium fluoride

http://refhub.elsevier.com/S0735-1097(18)39313-6/sref2
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref2
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref3
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref3
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref3
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref3
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref4
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref4
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref4
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref4
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref5
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref5
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref5
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref5
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref6
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref6
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref6
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref7
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref7
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref7
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref7
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref8
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref8
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref8
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref9
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref9
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref9
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref9
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref9
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref10
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref10
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref10
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref10
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref10
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref10
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref11
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref11
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref11
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref11
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref12
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref12
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref12
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref12
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref12
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref12
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref13
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref13
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref13
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref13
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref13
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref13
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref14
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref14
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref14
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref14
http://refhub.elsevier.com/S0735-1097(18)39313-6/sref14

	Penile Artery 18F-NaF Uptake and Erectile Dysfunction
	References


