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18F-FDG PET/CT “hepatic superscan” in incomplete
Carney triad
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Clinical Center of Serbia, Center of Nuclear Medicine, National PET Center, Belgrade, Serbia

SUMMARY

Introduction Carney triad is a rare non-hereditary condition characterized by gastrointestinal stromal
tumors — intramural mesenchymal tumors of the gastrointestinal tract with neuronal or neural crest cell
origin, pulmonary chondromas, and extra-adrenal paragangliomas. The term incomplete Carney triad
more precisely refers to the occurrence of at least two of these tumor types. Carney triad named after
J. Aidan Carney is considered to be a specific type of multiple endocrine neoplasia. Less than 30 cases
of complete and less than 100 cases of incomplete Carney triad have been reported worldwide. Carney
triad primarily affects young women (mean age of onset of 20 years).

Case outline A 35-year-old female patient had an initial presentation at the National PET Center, Clinical
Center of Serbia, after the gastrectomy, with multiple hepatic metastases as well as bilateral pulmonary
chondromas. 18F-FDG PET/CT scan revealed the following: 1) intense 18F-FDG uptake in the liver meta-
static lesions, with reduced physiological activity in the brain and heart, bowel, and renal tracer uptakes
commonly known as FDG hepatic superscan; 2) multiple irregular-shaped lesions, mostly calcified in
bilateral pulmonary parenchyma; 3) a nodular lesion in the left adrenal gland with accumulation of
18F-FDG in its anterior part.

Conclusion The present study describes a hepatic superscan in a patient with incomplete Carney triad,
including gastrointestinal stromal tumors and pulmonary bilateral chondromas, as well as a tumor in
the left adrenal gland.
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INTRODUCTION

Carney triad was first described by Carney et
al. [1] in 1977. This medical entity [the triad
of paragangliomas, gastrointestinal stromal
tumors (GISTs) and pulmonary chondromas]
named Carney triad was latter distinguished
from the dyad of paragangliomas and gas-
tric stromal sarcomas (Carney-Stratakis syn-
drome) [2]. Carney triad belongs to the group
of rare diseases [3, 4]. GISTs are generally Kit
(CD117)-positive, mesenchymal tumors of the
gastrointestinal tract [5].

The molecular basis of GIST is important for
the understanding of GIST biology [6].

GISTs are the most common mesenchymal
neoplasms of the gastrointestinal tract with ma-
lignant potential. They can be associated with
synchronous tumors of different histogenesis,
although uncommonly [7]. In some cases, these
tumors can be neuroendocrine in origin [8].

According to the publication of Ignjatovi¢
[9], about 55% of GISTs had malignant behav-
ior. Correct diagnosis of GIST was based on
immunohistochemical studies and biological
behavior upon the clinicopathological param-
eters in 90% of the cases [9].

We report the visualization of an incomplete
Carney triad in 18F-fluorodeoxyglucose (18F-
FDGQG) positron emission tomography — com-
puted tomography (PET/CT) study in GIST
postoperative phase and try to understand the

anticipated coexpression of tartrate-resistant
acid phosphatase in different organs, as they
are liver and lungs.

CASE REPORT

A 35-year-old female patient had an initial pre-
sentation at the National PET Center, Clinical
Center of Serbia. Her medical history revealed
a GIST diagnosed in 1989 and followed up with
surgery (subtotal gastrectomy at the age of eight
years, as well as total gastrectomy at the age
of 23 years). The disease worsened in spite of
surgery and chemotherapy and a recent clinical
examination showed multiple hepatic metasta-
ses and bilateral pulmonary chondromas.
After the patient’s fasting six hours before
the PET/CT study, and the median cubital vein
cannulation, injection dose of 200 MBq 18F-
FDG was applied, followed by a 90-minute data
acquisition. 18F-FDG PET/CT examination on
a 64-slice hybrid PET/CT scanner (Biograph;
Siemens Medical Solutions USA, Inc., Malvern,
PA, USA) was performed 90 minutes after trac-
er application. A three-dimensional PET scan
(three minutes per bed position) and low-dose
non-enhanced CT scan was acquired from the
base of the skull to the mid-thigh. Multidetec-
tor CT was acquired with 120 kV and with au-
tomatic, real-time dose modulation amperage
[CareDose4D (Siemens Healthcare GmbH,
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Erlangen, Germany], with the baseline be-
ing 45 mA) (slice thickness of 5 mm, the
pitch of 1.5, and a rotation time of 0.5 s). CT,
PET (attenuation-corrected), and combined
PET/CT images were displayed for analysis
on a single Multimodality Workplace (Sie-
mens Healthcare GmbH).

The study revealed elevated right semi-
diaphragm with heart dislocation to the left
hemithorax (Figure 1).

There are multiple irregular-shaped le-
sions in bilateral pulmonary parenchyma,
mostly calcified, partially consisting of a
soft component, without increased uptake
of 18F-FDG: 1) a single calcified (616 HU)
lesion with a 13 x 12 x 16 mm diameter
(AP x LL x KK) in the apical segment of
the upper lobe of the right lung; 2) calcified
(814 HU) lesion, soft tissue (57 HU), lesion
diameter 36 x 33 x 33 mm (AP x LL x KK),
perivascular paratracheal right at the
Th3/Th4 level; 3) a single calcified lesion
(540 HU), soft tissue (44 HU), lesion di-
ameter 25 x 25 x 41 mm (AP x LL x KK)
in the anterior segment of the upper lobe
of the right lung; 4) a single calcified lesion
(831 HU), soft tissue (71 HU), lesion di-
ameter 35 x 30 x 23 mm (AP x LL x KK)
in a lateral segment of the middle lobe of
the right lung; 5) a single calcified lesion
(652 HU), soft tissue (57 HU), lesion di-
ameter 20 x 18 x 18 mm (AP x LL x KK)
in the anterobasal segment of the low lobe
of the left lung (Figure 2).

Augmented liver 20 x 24 x 27 cm
(AP x LL x KK) contained multiple single
and confluent hypodense lesions with in-
tense uptake of 18F-FDG (SUVmax 27)
and lesions without any uptake of 18F-FDG
reflecting areas of necrosis in the “hepatic
superscan” (Figure lc, Figure 3).

There was a nodular lesion 30 x 12 mm
in size (AP x LL) with intense accumulation
of 18F-FDG (SUVmax 21) near the medial
contour of the anterior part of the spleen
(Figure 4).

The right kidney was dislocated cau-
dally (level L3/L5) (Figure 3B). There was
anodular lesion diameter 31 x 16 x 21 mm
(AP x LL x KK) in the left adrenal gland
with accumulation 18F-FDG (SUVmax 3.1),
in the anterior part of the nodular lesion
(Figure 5).

Diffuse intense 18F-FDG uptake in the
liver on PET, with reduced physiological
activity in the brain and heart, bowel, and
renal tracer uptakes is commonly known as
FDG hepatic superscan (Figure 1c) [10, 11].
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Figure 1. A - axial CT, fused PET/CT; B - coronal CT, fused PET/CT; C — (maximum inten-
sity projection) PET images of elevated right semi-diaphragm with heart dislocation
to the left hemithorax

Figure 2. A - coronal, B - sagittal, C - axial CT, fused PET/CT (mediastinal window) im-
ages of bilateral pulmonary chondromas

Figure 3. A - Coronal, B - Sagittal, C - Axial CT, fused PET/CT images of multiple single
and confluent hypodense lesions with intense uptake of 18F-FDG; lesions without any
uptake of 18F-FDG show areas of necrosis in the hepatic superscan image
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Figure 4. Axial CT, fused PET/CT images of the
nodular lesion near the medial contour of the
anterior part of the spleen with intense uptake
of 18F-FDG

DISCUSSION

Multiple neoplasia syndromes are often considered with
the presentation of multiple rare primary tumors in young
patients. It is important to recognize the possibility of other
primary tumors when associated neoplasms are detected
[12]. The term Carney triad refers to the occurrence of at
least two of the following tumor types: GIST, pulmonary
chondroma, extra-adrenal paraganglioma. In a small per-
centage of affected patients, adrenocortical adenoma (a
benign tumor of the adrenal gland) or esophageal leio-
myoma (a benign tumor of the esophagus) may also occur
[13]. The Carney triad is an extremely rare syndrome, with
fewer than 30 cases reported with all three tumors pres-
ent, and fewer than 100 incomplete cases having two of
the three tumor types present [13]. According to Carney
in 1999, chondromas developed in 76% of patients [13].
The present report describes the patient with incom-
plete Carney triad, including GIST and pulmonary bilat-
eral pulmonary chondromas, as well as the tumor in the
left adrenal gland. This is a demonstration of the 18F-FDG
PET/CT utility in diagnosis / differential diagnosis in some
of the rare diseases. The hepatic superscan was demon-
strated in the reported case of an incomplete Carney triad.
The multiorgan (liver, lungs) molecular coexpression of
tartrate-resistant acid phosphatase (TRAP) in immunocytes
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Figure 5. A - Coronal, B - Axial CT, fused PET/CT images of the nodular lesion in the left
adrenal gland with accumulation of 18F-FDG in the anterior part of the nodular lesion

belonging to monocyte/macrophage lineage should be
anticipated as of importance in the pathogenesis of this
clinical case. Physiologically, TRAP is primarily a cyto-
chemical marker of macrophages, osteoclasts, and dendritic
cells [14]. Under normal circumstances, TRAP is highly
expressed by osteoclasts, activated macrophages, neurons,
and by the porcine endometrium during pregnancy [15,
16]. In newborn rats, TRAP is also detectable in the spleen,
thymus, liver, kidneys, skin, lung, and heart at low levels.
TRAP expression is increased in certain pathological condi-
tions. These include leukemic reticuloendotheliosis (hairy
cell leukemia), Gaucher’s disease, HIV-induced encepha-
lopathy, osteoclastoma and osteoporosis, and metabolic
bone diseases (available at https://en.wikipedia.org/wiki/
Tartrate-resistant_acid_phosphatase).

TRAP is a glycosylated monomeric metalloprotein
enzyme expressed in mammals and characteristic for its
expression in activated osteoclasts and macrophages and
was proposed as a driver of metastasis and was associated
with clinically relevant parameters of cancer progression
and cancer aggressiveness [17, 18].

The coexistence of an adrenal tumor with incomplete
Carney triad indicates possible neuroendocrine origin and
inclusion in multiple endocrine neoplasia syndromes.
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CynepcKeH jetpe 18F-FDG PET/CTy HekomnneTHOj KapHujeBoj Tpujaau

JburbaHa 3uerapesuh, Hebojwa Kosapesuh, CBetnaHa MKyHuh

Knunnukn yeHtap Cpbuje, LieHTap 3a HykneapHy meauuuHy, Haunonanuu NMET yeHTap, Beorpag, Cpbuja

CAXETAK

YBop KapHujeBa Tpujafia je peTKo HeHaciefHo oborbere
Koje ce KapaKkTepulle NPUCYCTBOM raCTPOUHTECTUHANHOT
CTPOMAJTHOT TYMOpPa — MHTPaMypanHu Me3eHXManH1 TyMopu
racTPOUHTECTUHANHOT TPAKTa NMopeKsia HeypasnHor rpebeHa,
NpWCYCTBOM XOHAPOMa Y nayRHOM TKVBY 1 eKCTpaagpeHan-
HYX NaparaHravoma. lNpeuunsHuje, MeANLMHCKN eHTUTET MOA,
Ha3MBOM HeKoMMneTHa KapHujeBa Tpujaga ogHOCK ce Ha npu-
CYTHOCT HajMatbe ABa O HaBeAEeHUX T1NoBa Tymopa. KapHujesa
Tpujaga je pobuna Hasms no J. Ejnany KapHujy 1 cmatpa ce cne-
LMGUYHUM TUTIOM BULLECTPYKe eHAOKPYHe Heonnasuje. flocag
je nybnukoBaHo Marbe of 30 ciyyajeBa KOMMIETHE U Makbe Of
100 cnyyajeBa HekomnneTHe KapHujese Tpujage. KapHujesa
Tpujaga ce Hajuewhe nojasbyje kog Mnahrx ocoba KeHcKor
nosna (mpoceyHe XnBoTHe 061 oKo 20 rogmHa).

Mpukas 6onecHunka bonecHuua ctapoctu 35 roguHa ynyhe-
Ha je Ha ucnuTreatbe y HaumornanHwm MNET ueHtap KnuHnykor
LeHTpa Cpbuje, nocne ractpekTommje, ca Hanasom 6pojHMX
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MeTacTasa y jeTpu u 060CcTpaHuM nayhHUM XOHAPOMUMA.
Crynujom 18F-FDG PET/CT fokasaHo je npucyctso cnegeher:
1. MIHTEH3MBHO Be3uBatbe 18F-FDG y 6pojHM MeTacTa3ama y
jeTpw, ca pefyKoBaHUM Be3MBarbeM y MO3TY, CpLy, LipeBuma
1 6ybpe3unma, LWTO oaroBapa onvcy cynepckeHa jetpe FDG; 2.
BULLECTPYKe Nle3unje HenpaBuiHor obnnka, Hajsehm genom
KanunduKoBaHe, ca MatbyiM YAENOM MEKOTKVBHE KOMMOHEHTE,
060cTpaHo y nnyhHOM napeHxumy; 3. HopynapHe nesuje y neBoj
Hapby6peXxHOj Xne3au, Koja y CBOM npefHem Aesly nojayaHo
Hakynsba 18-FDG.

3akmwyyvak OBaj npurKas onucyje Hanas cynepckeHa jetpe Kog,
6onecHuLe ca HekomnieTHOM KapHujeBoM Tpujagom, Koja y
KOHKPETHOM CJlyuajy YKIbyuyje XenyfauHu racTpOMHTeCTUHAN-
HW CTPOMAJIHUN TYMOp 1 06oCTpaHe XoHapome y nnyhrma, kao
1 MPYCYCTBO TyMOPa Yy N1eBOj Haf0bybpexHoj xne3au.

KrbyuHe peun: TVCT; 18F-FDG PET/CT; cynepckeH jetpe; Kap-
HujeBa Tpujaaa; kucena docdartasa pesncTeHTHa Ha TapTpaTt
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