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LETTERS TO THE EDITOR

carotid

bifurcation

was

identiﬁed

on

digitized

3-dimensional histology images and located on CTA
and PET to coregister with histology.
Bilateral carotid plaques were classiﬁed as either

18

[ F]-NaF PET/CT Identiﬁes Active

associated with patient symptoms (transient ischemic

Calciﬁcation in Carotid Plaque

attacks or stroke; 9 plaques) or not (11 plaques).
Plaque associated with symptoms had evidence for
greater

Although macroscopic calcium deposits in atherosclerotic

plaques

impart

stability,

microcalciﬁc

18

F-NaF uptake than plaque not associated

with symptoms (TBR max : 3.75  1.10 vs. 2.79  0.60;
p ¼ 0.04; SUV max: 3.00  0.90 vs. 2.40  0.80;
18

deposits can amplify mechanical stress in the ﬁbrous

p ¼ 0.125).

cap by 600 kPa (1). Blood ﬂow, stress, and tension

trichrome expression (TBR vessel : r ¼ 0.45; p < 0.001;

F-NaF uptake was related to Goldner’s

between calciﬁed and noncalciﬁed tissue can increase

SUVvessel : r ¼ 0.43; p < 0.001) but not Alizarin Red S

the risk of plaque rupture. It is postulated that

(TBR vessel : r ¼ 0.12; p ¼ 0.36; SUVvessel : r ¼ 0.05;

[ 18 F]-sodium ﬂuoride ( 18F-NaF) imaged with positron

p ¼ 0.73) (Figure 1). To account for intraplaque

emission tomography (PET) replaces the hydroxyl

clustering

groups of hydroxyapatite, expressed in regions with

combining

18

of

data,

a

correlations

ﬁxed-effects
with

model

weights

for

inversely

F-NaF as

related to within-patient variation was used. This

an imaging-derived biomarker of hydroxyapatite in

compared the independent and individual correla-

atherosclerotic plaque is required.

tion between

active microcalciﬁcation (2). Validation of

Eleven patients (69  5 years old, 3 women) with
high-risk cerebrovascular disease who were scheduled for endarterectomy were recruited.

18

F-NaF

F-NaF uptake and staining for each

plaque. Findings conﬁrmed the

18

F-NaF TBR vessel

and Goldner’s trichrome relationship (r ¼ 0.37;
p ¼ 0.006) (Figure 1).
Elevated

PET/computed tomography (CT) imaging of the
carotid vasculature was acquired within 2 weeks

18

18

F-NaF uptake observed in plaque asso-

ciated with patient symptoms might reﬂect active

before surgery. Institutional ethics committee review

microcalciﬁc

approval was obtained (OHSN-REB 20120224-01H).

increase the risk of mechanical failure, contributing

Patients provided informed consent. Sixty min after

to plaque instability (1). It is proposed that sodium

18

F-NaF injection (3 MBq/kg), PET/CT imaging was

ﬂuoride replaces the hydroxyl groups of hydroxyap-

performed, followed by CT angiography (Discovery

atite (2). Supporting this hypothesis, the present

690 PET-VCT, GE Medical Systems, Milwaukee,

study validates the relationship between in vivo

Wisconsin). Radiation effective dose was 9 mSv. One

18

patient could not complete imaging.

sion within carotid plaque.

18

F-NaF PET/CT images were coregistered with a

HybridViewer (Hermes Medical Solutions, Greenville,
North Carolina).

18

F-NaF uptake (Bq/cc) was normal-

ized to injected activity and body weight (standardized uptake value [SUV]). Plaque SUV was normalized

processes.

Microcalciﬁcation

could

F-NaF uptake and ex vivo hydroxyapatite expres18

F-NaF uptake was

related to active microcalciﬁcation (hydroxyapatite
expression) rather than the overall extent of calciﬁcation (Alizarin Red S), which suggests that

18

F-NaF

selectively targets the regions of active calciﬁcation.
Study limitations include the recognized chal-

to the mean SUV of blood in the internal jugular vein

lenges

(tissue-to-blood ratio [TBR]). Bilateral carotid 18 F-NaF

against histology; the absence of alkaline phospha-

uptake was quantiﬁed by: 1) a vessel-based approach

tase validation, although this has been reported by

to deﬁne maximum

18

F-NaF uptake for each PET slice

spanning 2 cm above and below the bifurcation
(TBR vessel , SUVvessel ); and 2) a foci-based approach for
determining the maximum

18

F-NaF activity for each

plaque (TBRmax , SUVmax).

with

coregistration

of

PET/CT

images

others (4); and the fact that this was a small proof-ofconcept study.
Calcium has been considered to be a static, aplastic
amorphous material. This is in part because of the
lack of technology available to assess the dynamic

En bloc excised plaque was sectioned and stained

nature of calciﬁcation, which renders the potential

with Goldner’s trichrome [hydroxyapatite (3)] and

impact and prognostic relevance of active calciﬁca-

Alizarin Red S (extent of calciﬁcation). The extent of

tion virtually unexplored. Our ﬁndings demonstrate

staining was quantiﬁed with color-encoded digitized

that

slides (Aperio Technologies, Vista, California). The

active calciﬁcation.

18

F-NaF imaging can noninvasively identify
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FIGURE 1

18

F-NaF is a Surrogate Marker of Active Calciﬁcation in Carotid Plaque

(A) [18F]-sodium ﬂuoride (18F-NaF) uptake correlation with hydroxyapatite expression; intraplaque clustering is noted (left); ﬁxed-effects model for individual lesion
correlations (r ¼ 0.37, p ¼ 0.006) (right). (B) 18F-NaF uptake encompasses a greater region than calciﬁc nodules within plaque (left). CAIN ¼ Canadian Atherosclerosis
Imaging Network; CI ¼ conﬁdence interval; CT ¼ computed tomography; df ¼ degrees of freedom; IV ¼ inverse variance; L ¼ left; PET ¼ positron emission
tomography; TBR ¼ tissue-to-blood ratio.
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which resembles the surgical Kay procedure with
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bicuspidization of the tricuspid valve via plication
the

posterior

general

leaﬂet,

anesthesia,

3-dimensional

was

with

performed
ﬂuoroscopic

echocardiographic

guidance.

under
and
The

procedure was performed by a right transjugular
approach with 2 14-F sheaths and steerable guiding
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was introduced in a retrograde fashion across the
catheters. The catheter was articulated under the
annulus to the posteroseptal commissure; an insulated radiofrequency wire was then advanced across
the annulus into the right atrium at a distance of 2
to 5 mm from the base of the leaﬂet. This wire was

Percutaneous Bicuspidization of the

snared via the second 14-F sheath, externalized,

Tricuspid Valve

and used to advance the pledget catheter anterogradely across the annulus. Half the pledget was

A 75-year-old woman who was known to have

delivered and cinched in the subannular region of

had previous aortic and mitral valve replacement

the ventricle, whereas the remaining pledget was

with mechanical prostheses, permanent atrial ﬁbril-

extruded and cinched on the atrial surface of the

lation, type 2 diabetes mellitus, and hypothyroidism

tricuspid annulus. Another pledget was delivered in

presented with right-sided heart decompensation

a similar manner on the anteroposterior commissure

(severe edema of the lower extremities, pleural effu-

at a distance of 2.4 to 2.8 cm from the ﬁrst pledget.

sion, hepatomegaly, and stage IV chronic kidney dis-

At the end, the 2 pledgets were placed at the base

ease). Echocardiography showed massive functional

of the posterior leaﬂet, near the anteroposterior and

tricuspid regurgitation due to severe tricuspid annu-

posteroseptal commissure. The 2 pledgeted sutures

lus dilatation (diameter 49  37 mm) and complete

were pulled together with a plication lock catheter,

absence of leaﬂet coaptation (Figure 1A); a severely

and the sutures were cut, which resulted in plica-

dilated right ventricle (end-diastolic diameter 43 mm)
0

with moderate dysfunction (TDI S 10 cm/s); systolic

tion of the tricuspid annulus (Figures 1B and 1C),
thus effectively making the tricuspid valve bicuspid

pulmonary arterial pressure 40 mm Hg; noncollapsible

(Figure 1D); this translated to a signiﬁcant reduction

inferior vena cava with estimated right atrial pressure

in annular dimensions (31  23 mm) and valve

of 20 mm Hg; normal left ventricular function; normal

planimetric area (14.9 to 5.6 cm2), increased coap-

gradients across mitral and aortic prosthetic valves;

tation

and mitral paravalvular leak with moderate mitral

tricuspid regurgitation to moderate-severe with a

regurgitation.

large reduction in effective regurgitant oriﬁce area

of

the

leaﬂets,

and

reduction

of

ﬁnal

Intravenous high-dose diuretic therapy was able to

(4.7 to 1.1 cm 2) (Figures 1E and 1F). No changes were

reduce systemic congestion and to improve kidney

documented in estimated systolic pulmonary arte-

function: however, the patient was dependent on

rial pressure (38 mm Hg) and right atrial pressure

intravenous diuretic agents, and conversion to oral

(20 mm Hg). A signiﬁcant improvement in clinical

therapy was not achievable. The patient was not

status was achieved; intravenous diuretic discon-

suitable for surgical treatment of tricuspid regurgi-

tinuation was possible, and the patient was dis-

tation because of high operative risk (logistic Euro-

charged with high-dose oral diuretic therapy. This

SCORE [European System for Cardiac Operative Risk

case highlights that the Trialign provides a novel

Evaluation] 24%).

solution for percutaneous tricuspid valve repair by

A compassionate percutaneous treatment of the

replicating surgical bicuspidization of the tricuspid

tricuspid valve was chosen: the Trialign system

valve. Patient selection and deﬁning the correct

(Mitralign

was

outcome measures will be an essential part of

used to plicate the tricuspid annulus, as described

investigating this innovative therapy in this com-

previously by Schofer et al (1). This procedure,

plex patient cohort.

Inc.,

Tewksbury,

Massachusetts)

