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Editorial on the Research Topic

Case reports in PET imaging

Advanced hybrid nuclear imaging technology, including Positron Emission

Tomography together with Computed Tomography (PET/CT) or Magnetic Resonance

Imaging (PET/MRI), allowing the simultaneous collection of anatomical and functional

information, has been gaining significant attention in recent years and has spurred

clinical research interests. This Research Topic comprises 12 unique case reports that

highlight the role of 18F-FDG PET imaging (mostly using PET/CT, with PET/MRI used

in a number of cases) in addressing correct differential diagnosis of malignant and

benign lesions, guiding the clinical management of patients with an uncommon disease,

a challenging diagnosis, or an atypical presentation.

Primary cardiac tumors are very rare (0.001–0.03%), with cardiac paraganglioma

(CPGL) representing only 1–3% of cardiac tumors. In this Research Topic, a

multimodality imaging case report on unusual CPGL is included, demonstrating that the

combination of 18F-FDGPET/CT and cardiacmagnetic resonance (CMR) offers a useful,

non-invasive tool for pre-operative detection and staging of CPGL, which may increase

prognosis rates and decrease post-operative complications (Huang et al.). Degrauwe

et al. (1) recently demonstrated a similar finding, with CMR and 18F-FDG PET/CT

providing a unique combination for the proper characterization of morphological and

metabolic features in such a tumor. 18F-FDG PET/CT can also help in challenging cases

of paraganglioma arising at uncommon primary sites such as the bladder (Taninokuchi

Tomassoni et al.). Although 68Ga-DOTANOC is the most suitable PET radiotracer for

identifying bladder paragangliomas (BPGs), 18F-FDGmay still be a valid andmore easily

accessible alternative. In the case described in this article, dynamic 18F-FDG PET/CTwas

used to reach a correct diagnosis, with BPG showing early 18F-FDG uptake and wash-out

in the delayed 1-h acquisition phase.

Similarly, pheochromocytoma is another rare neuroendocrine tumor (2). The case

presented by Feng et al. is a good clinical example of the usefulness of PET/CT

for detecting pathological findings in patients with pheochromocytoma. The patient

evaluated had a history of resected bilateral malignant adrenal pheochromocytoma. After

dizziness, hypertension, and bilateral iliac pain for 2 months, a PET/CT was performed,

detecting nodal and bone 18F-FDG-avid metastases, along with an increased uptake
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in brown fat in the intercostal muscles, consistent with high

levels of catecholamine serum secretion.

Another relatively rare disease, reported in a 3-year-old

child, is alveolar rhabdomyosarcoma (ARMS) (Zhang et al.),

which is characterized by its aggressive behavior, poor prognosis,

and unfavorable outcome. ARMS may be present in critical

organs and can invade the spinal canal that leads to the central

nervous system; nevertheless, clinical symptoms can be variable,

depending on the size and site of the retroperitoneal mass

and distant metastases (3). In this patient, a post-operative

biopsy and FKHR gene rupture confirmed ARMS, while PET

imaging helped to reveal retroperitoneal lymphatic metastases,

which was not detected by CT imaging or ultrasound.

The authors also emphasized that retroperitoneal ARMS

requires careful differentiation, potentially being misdiagnosed

as neuroblastoma, which is a very common pediatric extra-

cranial, solid tumor. The advantage of using 18F-FDG PET/CT

for pediatric patients lies in the possibility to evaluate disease

activity and therefore guide therapy and prognostication, as

is the case for Kaposiform hemangioendothelioma (KHE), a

rare vascular neoplasm mostly appearing in infancy or early

childhood. A 13-month-old girl with KHE presented with

limited movement of the lower extremity caused by spinal

involvement and a normal platelet count (Qiu et al.). 18F-FDG

PET/CT allowed documentation of mild hypermetabolism in

the lesion, consistent with a low-grade tumor, as subsequently

confirmed by KHE bioptical diagnosis. Treatment with 6-month

sirolimus monotherapy reduced the retroperitoneal lesion’s size,

alleviating clinical symptoms.

As the diagnosis of occult cancers with unknown primary

sites is very complicated and challenging, a biopsy is essential

for a confident diagnosis; nevertheless, PET/CT or PET/MRI

imaging can contribute, in most cases, to the planning of

personalized treatment, precise staging, and improved risk-

estimation. Zeng et al. reported a case of rare retroperitoneal

clear-cell carcinoma with an unknown primary focus. Although

no obvious abnormality was observed in either kidney,

via imaging (PET/CT and MRI) or surgical exploration,

interestingly, immunohistochemistry results confirmed a renal

origin of the carcinoma. PET/CT revealed enormous 18F-FDG

activity in the retroperitoneal clear-cell carcinoma (as observed

in high-grade renal clear-cell carcinomas), likely due to its

pathological grade, suggesting that high 18F-FDG uptake could

be related to low tumor differentiation.

Besides its widespread oncological application, 18F-FDG

PET/CT also plays a key role in inflammatory and infectious

settings, where its ability to quantify disease extent, evaluate

treatment response, and identify inflammatory occult sites,

which remain undetermined after clinical and/or conventional

imaging assessment, are exploited (4). In this regard, Tsai et al.

demonstrated the additional diagnostic value of 18F-FDG PET

imaging for resolving a challenging case of right-sided persistent

lower-back pain after an L5-S1 laminectomy, refractory to

several different therapies.When initial spinal rootMRI imaging

was considered inconclusive to support a surgical intervention,

a subsequent 18F-FDG PET/MRI revealed increased tracer

uptake exclusively along the right S1 root, consistent with

the clinical presentation; this metabolic finding allowed the

final diagnosis and localization of an inflammatory neuropathy,

secondary to epidural fibrosis, with sacral root entrapment.

This case highlights the diagnostic value of simultaneous

PET/MRI imaging for soft-tissue and spinal cord abnormalities,

by combining metabolic and anatomic information.

As stated above, since most tumors demonstrate an

increased 18F-FDG uptake (greater than background tissues and

benign lesions), metabolic information provided by 18F-FDG

PET imaging often plays a crucial role in correctly differentiating

malignant and benign diseases. However, the chance of

misinterpreting a hypermetabolic benign finding as malignant

requires extreme caution from PET readers, particularly in

cases of rare diseases or uncommon presentations, which

can potentially lead to unnecessary diagnostic or therapeutic

procedures, thereby negatively affecting patients’ care (5). In

this regard, the occurrence of a benign lesion mimicking

malignancy was reported in a patient with fast-growing

soft tissue nodules confined to the left groin. This was

initially suspected as malignant due to conventional imaging

features and an increased 18F-FDG uptake at PET/CT (Hu

et al.). Unexpectedly, subsequent surgical excision revealed

an uncommon localization of Kimura’s disease, a rare benign

chronic lympho-granulomatous disease. Based on the overall

patient history, as well as clinical, laboratory, and imaging data,

this case highlights the need to consider differential diagnoses

for 18F-FDG-avid lymph nodes, ranging from malignant

to inflammatory or infectious diseases, such as lymphoma,

nodal metastases, active tuberculosis, sarcoidosis, or benign

lympho-proliferative disorders, all of which can show a similar

degree of tracer uptake (6). Similarly, Borè et al. reported a

paramediastinal hypermetabolic lesion detected by 18F-FDG

PET/CT, initially performed for staging in a patient with ovarian

cancer and suspected for metastasis or synchronous primitive

tumor. After a subsequent biopsy, mediastinal Schwannoma

was instead diagnosed, allowing the patient to undergo

chemotherapy and ovarian surgery, as initially planned. This

case represents a warning for the risk of PET false positives

that, particularly in oncological patients, may result in incorrect

upstaging, in turn potentially leading to changes in the planned

therapeutic management and consequently, exposing patients

to overtreatment and associated toxicity risks. Conversely, the

chance ofmisinterpreting a low 18F-FDG-avid tumor as a benign

lesion requires careful consideration, with lowmetabolic activity

in malignant lesions mainly related to low glucose metabolism

(reflecting histologically and clinically less-aggressive tumor

behavior), low cellularity, or small size (7). For example, oligo-

vertebral plasma cell myeloma localizations, characterized by

the coexistence of mild 18F-FDG uptake and morpho-structural
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changes, may overlap with the morpho-functional features of a

vertebral hemangioma, potentially delaying tumor diagnosis and

treatment (Hu et al.).
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Impact of an 18F-FDG PET/CT
Radiotracer Injection Infiltration on
Patient Management—A Case Report

Jackson W. Kiser 1*, James R. Crowley 1, David A. Wyatt 1 and Ronald K. Lattanze 2

1Carilion Clinic, Roanoke, VA, United States, 2 Lucerno Dynamics, Cary, NC, United States

Major management decisions in patients with solid tumors and lymphomas are

often based on 18F-fluorodeoxyglucose (18F-FDG) PET/CT. The misadministration of

18F-FDG outside the systemic circulation can have an adverse impact on this test’s

sensitivity (1) and is not uncommon (2–7). This report describes how an 18F-FDG

misadministration led to a repeat PET/CT study, resulting in the visualization of distant

metastases that changed the original treatment plan. The findings suggest that routine

injection monitoring is indicated whenever sensitivity is critical, and support claims that

infiltrations can confound interpretation of semi-quantitative PET outcome measures in

patients who are followed longitudinally (2).

Keywords: PET-CT, extravasation of diagnostic and therapeutic materials, SUV, FDG, time activity curve

Precision medicine has been increasingly in the news1. A year-by-year review of The New
England Journal of Medicine shows the term “precision medicine” has increased over 15-fold from
2012–2013 to 2016. Positron Emission Tomography (PET), a crucial imaging tool in oncology
care (8), plays a vital role in precision medicine. In 2017, it had been projected that nearly 3
million PET/CT scans would be performed in the US, with ∼2.9 million scans used for oncology
applications (9).While coordinated efforts to develop and encourage the adoption of guidelines and
standards continue to minimize variability in molecular imaging results (10, 11), the radiotracer
injection process remains susceptible to error.

The seminal quantitative 18F-FDG PET studies in the 1970’s and 1980’s were based on bolus
injections (12). This practice continues today with an emphasis on precision. Guidelines continue
to prescribe quality assurance procedures that have relatively small influence on variability such as:
measuring residual activity after injection and synchronizing clocks (11). However, errors in the
physical delivery of the 18F-FDG have the potential to introduce significant variability (1). These
para-venous injections are known as infiltrations or extravasations. While only a few centers have
published or presented on infiltrations, a critical review shows their aggregated rate is about 15%
(423 infiltrations in 2,802 patients (2–7).

In an 18F-FDG administration that conforms to expectations, the entire injected dose is
delivered to systemic circulation, and therefore, is the same dose used in the Standardized Uptake
Value (SUV) calculation. An infiltration creates an unknown mismatch between the calculated
injected dose and the actual dose delivered in circulation. Some of the infiltrated dose remains near
the injection site and returns to systemic circulation largely through lymphatic reabsorption at an
unknown rate during the prescribed uptake period. These problems alter the supply and clearance
of the radiotracer to the tissue in an unknown way and reduces the calculated SUV. The quality of
the image can also be degraded by an infiltration through the delivery of an inadequate 18F-FDG

1Google Trends Search. Available online at https://trends.google.com/trends/explore?date=all&q=precision%20medicine

(Accessed August 27, 2017).
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dose and through the continuous recovery of the radiotracer
from the infiltration site, without enough time for subsequent
clearance in the circulation.

Appropriately characterizing the quality of the radiotracer
injection is difficult. While abnormal uptake at the injection
site is evidence of an infiltration (11), the PET/CT field of view
(FOV) often excludes the injection site (2). When an injection
site is in the FOV, visualization and measurement of abnormal
uptake may underestimate the true extent of an infiltration, since
PET/CT static images are acquired ∼60min post-injection and
cannot represent the state of infiltration as it resolved during
the uptake period (13). A recent presentation, demonstrating
dynamic PET/CT images and time-activity curves (TACs) from
the uptake period, highlighted “invisible infiltrations” and how
their visual evidence resolves completely before the acquisition
of static PET/CT images (14). These invisible infiltrations appear
as prolonged venous stasis and also contribute to the difficulty
in characterizing 18F-FDG administrations using the PET/CT
image. These issues suggest that the field needs an effective means
to monitor the quality of the administration.

Our nuclear imaging facility is participating in a multi-center
quality improvement project that uses a novel device to
characterize each 18F-FDG injection. The goal is to reduce the

FIGURE 1 | Exam 1—maximum intensity projection image, fused axial images, and time-activity curves of baseline PET/CT scan. MIP image (above left image), taken

61min post-injection, reveals lung mass, and abnormal uptake at right antecubital fossa (radiotracer injection site) and right axilla uptake thought to be the result of the

infiltration. Black time-activity curve (lower right image) from injection arm sensor reveals severe infiltration during the first 40min of the uptake period. Red time-activity

curve (also lower right image) from contralateral arm sensor reveals minimal uptake. Fused PET/CT images (upper right images) reveal left upper lobe mass (SUVmax

24) and infiltration artifacts at adrenal level. No evidence of metastatic disease.

overall infiltration rate. The device provides real-time quality
control and addresses these issues that tend to confound proper
injection assessment by providing TACs from the injection
site during the uptake period. After a period of extended use,
the device’s quality assurance software provides an analysis of
injection techniques and factors that can help improve a facility’s
performance. We encountered this case during this project.

CASE PRESENTATION

In 2017, a 60–70 year-old male who never smoked tobacco
presented with chest pain and weight loss, which prompted
a chest X-ray and subsequent CT. The CT revealed a left
upper lobe mass with no evidence of nodal involvement or
metastases. A staging 18F-FDG PET/CT scan confirmed the
presence of a single, large, lung mass; however, the quality
and quantification of the image was potentially impacted by
a relatively severe infiltration in the right antecubital fossa
(Figure 1). The patient was immediately repositioned on the
imaging table with their arms over their head for another PET
imaging session. This image confirmed the presence of the single,
large, lungmass. Biopsy of themass revealed a non-small cell lung
cancer.
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The patient was invited back for a repeat scan 3 days later to
confirm initial staging of T3N0M0. The repeat scan (Figure 2)
revealed more information about the single lung lesion and also
showed new disease: a right adrenal lesion and also a potential
prostate lesion, not seen in Exam 1. Based on the new information
from the repeated PET/CT scan, staging was revised to T3N0M1.

DISCUSSION

Exam 1
The patient received the standard of care pre-PET/CT scan
instructions, fasted appropriately and presented with blood
glucose levels of 4.7 mmol/L (85 mg/dL). A Certified Nuclear
Medicine Technologist (CNMT) gained access in the right
antecubital fossa using a 24-gauge needle and IV cannula. A
sensor, comprised of a single scintillating crystal paired with
silicon photomultiplier, (Lucerno Dynamics, Cary, NC) was
placed topically ∼7 cm proximal to the access site and a second
sensor was placed on the opposite arm in a mirrored location.
The patient was manually injected with 635 MBq (∼17 mCi)
of 18F-FDG and the IV was flushed with 14mL of saline. After
∼40min, the sensors were removed and the injection data were
downloaded. The resulting injection arm TAC revealed a severe
infiltration. At the 61min post-injection mark, emission images

were acquired (Exam 1) on a PET/CT scanner (Siemens Biograph
40, Knoxville, TN) with 3D acquisition. A 3-min per bed
acquisition time was performed in a cranial to caudal direction.
After review of the PET images, the patient was positioned back
on the imaging table with arms over their head. At the 92min
post-injection mark, emission images were acquired.

The patient was invited back for a repeat scan 3 days later in
accordance with our center’s standard practice to repeat scans
that may have been moderately or severely infiltrated.

Exam 2
After fasting appropriately, the patient presented with blood
glucose levels of 4.8 mmol/L (87 mg/dL). A CNMT, different
from the one 3 days earlier, gained access in the left hand
using a 24-gauge needle and IV cannula. Sensors were placed
∼7 cm proximal to the access site and on the opposite arm in a
mirrored location. The patient was then manually injected with
572 MBq (∼15.5 mCi) of 18F-FDG. The IV was flushed with
20mL of saline. After ∼30min the sensors were removed from
the patient and the injection data downloaded. The resulting
injection arm TAC revealed a satisfactory 18F-FDG injection.
At the 65min post-injection mark, Exam 2 was performed with
identical acquisition, processing parameters, and image analysis
software using the same PET/CT scanner.

FIGURE 2 | Exam 2—maximum intensity projection image, fused axial images, and time-activity curves of repeat PET/CT Scan. Repeat PET/CT MIP image (above

left image), taken 3 days after first PET/CT and 65min post-injection, reveals lung mass, right adrenal lesion, prostate lesion, and some minimal abnormal uptake in

left forearm (radiotracer injection site was left hand). Black time-activity curve (lower right image) from injection arm sensor reveals a nearly ideal injection. Red

time-activity curve (also lower right image) from contralateral arm sensor reveals expected uptake. Fused PET/CT images (upper right images) reveal left lobe mass

(SUVmax 43) and adrenal lesion.
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TABLE 1 | Comparison of exam 1 and exam 2.

18F-FDG PET/CT Exam 1 18F-FDG PET/CT Exam 2 (∼73h later)

Blood sugar: 4.7 mmol/L (85 mg/dL) Blood sugar: 4.8 mmol/L (87 mg/dL)

Injection to scan time: 61min Injection to scan time: 65min

Lung lesion SUVmax: 24 Lung lesion SUVmax: 43

Adrenal: not initially observed and

indeterminate in retrospect

Adrenal: SUVmax: 11

Staging: T3N0M0 Staging: T3N0M1

Surgical candidate: Possibly Surgical candidate: No

SUV, Standardized uptake value.

RESULTS

Exam 1 revealed abnormal uptake at the right antecubital fossa,
indicative of a severe infiltration, and a lung lesion with a
SUVmax of 24. Right axilla uptake was noted, but suspected to
be associated with infiltration. No other lesions were noted in
the 61min post-injection images nor in the 92min post-injection
images with arms over the head. Based on biopsy results and
the image review, the patient was diagnosed with squamous
cell lung cancer and staged as T3N0M0. Surgical debulking and
adjuvant therapy were considered as options after discussion with
a cardiothoracic surgeon.

Exam 2 revealed the lung lesion with a SUVmax of 43, an
80% increase from the Exam 1. A right adrenal lesion was highly
suspicious with a SUVmax of 11. Another lesion was detected in
the prostate region with a SUVmax of 5. The significance of the
prostate lesion was uncertain in the setting of lung cancer and not
strongly considered to represent metastatic disease in this case.
No activity was noted in the right axilla, confirming the impact
of the infiltration in Exam 1. Based on the image review, staging
was altered to T3N0M1, and the planned patient management
was changed. A comparison of Exam 1 and Exam 2 can be found
in Table 1.

CONCLUDING REMARKS

18F-FDG PET/CT has played an increasingly important role in
the initial staging of cancer and the assessment of tumor response
(15). In precision medicine, this tool will play an even more

significant role, using semi-quantitative, or quantitative PET/CT

data for single or multi-time-point assessments (e.g., diagnosis,
staging, eligibility assessment, or investigation of predicative or
prognostic biomarkers) (10).

An infiltration will negatively affect image quality and
underestimate an SUV. Depending on the purpose of the
scan and awareness of an infiltration, a clinician may be able
to salvage some infiltrated scans by delaying imaging 120–
180min post-injection. The extended uptake period may yield
better images. However, since an infiltration will confound
quantification measures based on the severity of the infiltration,
repeating the scan may be a better option. Since multiple
PET/CT scans—each requiring an 18F-FDG injection—are used
to assess response, the cumulative probability an infiltration will
impact the assessment increases with the number of scans. In
the current nuclear medicine practice, injections sites that are
out of the FOV, invisible infiltrations, and visible infiltrations
underestimated due to the static nature of images, can all
contribute to the interpreting and treating physicians reaching
the wrong conclusion about staging and tumor response to
treatment. This single case report demonstrates the major impact
an 18F-FDG infiltration can have on PET/CT SUV values and on
patient staging; it also suggests that routine injection monitoring
is indicated whenever sensitivity of PET/CT scanning is critical.
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Schwannoma is a rare source of false-positive 18F-fluorodeoxyglucose (18F-FDG)

uptake in Positron-emission tomography (PET/CT), inducing potential errors in staging

of several solid cancer, with implications for patient management. This clinical case

reports the situation of a patient undergoing an 18F-FDG-PET/CT for initial staging of

an ovarian adenocarcinoma. We found a high paramediastinal hypermetabolic mass

suspicious of remote extension or secondary synchronous primitive tumor. The biopsy

finally reveals a histopathology of Schwannoma, allowing the patient to be eligible for

a surgical procedure of her ovarian adenocarcinoma by rejecting the hypothesis of

malignancy.

Keywords: positron-emission tomography, schwannoma, neoplasm staging, ovarian neoplasms, mediastinal

neoplasms

BACKGROUND

Even if they are considered as benign tumors, high FDG uptake can be seen in schwannomas,
providing a risk of false-positive interpretation with consequences on tumor staging and also
management of patient.

For example Martinez-Esteve et al. (1) have reported the case of a patient with a locally
advanced HER2 overexpressed breast tumor treated by chemotherapy and Trastuzumab showing
a hypermetabolic retro-tracheal lymphadenopathy [15 × 17mm and standardized uptake value
(SUVmax) 4.5]. On the 18F-FDG PET-CT intermediate therapeutic assessment, there was a
complete metabolic response except for the retro tracheal lymphadenopathy. The histopathological
analysis of this finally excluded a metastatic lesion related to breast cancer and revealed a benign
Schwannoma, allowing to continue initial therapeutic strategy.

Moreover, Gorospe et al. (2) have published a case of difficult initial staging of a pulmonary
adenocarcinoma of the right upper lobe. Indeed, 18F-FDG PET/CT findings concluded to a
suspicious supraclavicular right lymph node (SUVmax 2.6 vs. 2.8 for the primary) and the
patient’s tumor was restaged into a T3N3M0 IIIB lung cancer vs. T3N0M0 IIB according to WHO
classification (3). Before modifying treatment management of patient based on 18F-FDG PET/CT
findings, a surgical biopsy was performed and finally concluded again to a schwannoma.

Several other case reports show that schwannomas are usually associated with a high 18F-FDG
uptake on PET-CT (4–6). But, cases of schwannomas with low uptake exist even if they are less
frequent (7).
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Only few cases of schwannoma located in the mediastinum
with an 18F-FDG uptake have already been reported in literature.

CASE PRESENTATION

A 75-year-old female patient with previous hystory of active
smoking at 75 year-package associated with other cardiovascular
risk factors (hypertension, hypercholesterolemia, non-insulin-
dependant diabetes, and obesity) has been sent to our university
hospital for a suspicion of strangulated umbilical hernia. An
abdomen and pelvis CT scan was then performed and found
a diffuse infiltration of mesenteric fat evoking a peritoneal
carcinosis without primary tumor clearly identified.

An exploring laparoscopy showed a visual aspect of
inflammatory peritoneum with a thickened epiploon and
non-tumorous ovaries. On the contrary, histopathological
examinations (biopsy and cytology) suggested an
immunohistochemical profile compatible with high-grade
serous papillary carcinoma of ovarian or peritoneal origin. The
therapeutic strategy included neo-adjuvant chemotherapy by
CARBOPLATIN-PACLITAXEL and interval surgery after 3
cycles.

Moreover, an 18F-fluorodeoxyglucose (18F–FDG)
Positron-emission tomography (PET/CT) was performed
not to ignore a supra-diaphragmatic remote extension of disease
that would exclude surgery indication. In addition to multiple
hypermetabolic known peritoneal carcinomatosis lesions
(Figure 1), PET CT found fortuitly a pathological 18F-FDG
uptake upon a high paramediastinal tissue 3 cm mass located at
the left pulmonary apex (SUV max: 12.8) (Figures 2–4). Due
to this suspicion of remote extension of disease or secondary
primary tumor, a biopsy under CT scan was performed. The
histolopatological analysis concluded with an appearance of
Schwannoma, without any sign suggestive of malignancy.

While awaiting the histological characterization of this mass,
the patient finally benefited from 6 cycles of chemotherapy before
surgery by laparotomy. Unfortunately due to carcinomatosis
extended to the entire abdominal cavity with a peritoneal
index at 19 (8) a complete resection surgery was not
possible and new courses of CARBOPLATIN TAXOL were
scheduled.

DISCUSSION

Schwannomas are the most common nerve sheath tumors (9)
and are usually solitary. Majority of lesions are benign tumors
that usually grow slowly [only 2% of them may evolve into
a malignant form (10, 11)]. They are often asymptomatic and
fortuitly revealed. Microscopically they are well circumscribed
with a surrounding capsule and are composed by a clonal
population of Schwann cells. There are two components, a
highly ordered cellular called Antoni A area (hypercellular
area) and a looser myxoid component called Antoni B area.
In immunohistochemistry they express the S100 protein (12).
Most of them are sporadic tumors. However in few cases, they
are associated with neurofibromatosis type 2 disease, Carney’s

FIGURE 1 | Fusion image in cross section. Image of peritoneal carcinomatosis

of the patient.

FIGURE 2 | Fusion image in axial cut. It is found that the mass is well-located

behind the tracheabronchial axis.

complex, or schwannomatosis. There are also some variants
of schwannomas which are cellular schwannoma, plexiform
schwannoma, and melanotic schwannoma (13).

This tumor consists of an abnormal proliferation of Schwann
cells developped from nerves. The most frequent locations
of schwannomas are the brachial plexus or the large nerve
trunks of the limbs (particularly elbow, wrist, or knee). Deep
forms in retroperitoneum or mediastinum exist and are often
of large size (14). In the mediastinum, nerve tumors such
as schwannoma are located in the posterior compartment
where they account for two-third to 80% of tumors in this
localization (15–17). The other most common masses of the
posterior mediastinum are meningoceles, para esophageal cysts,
goiter, and lymphoma. Three compartments are described in the
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FIGURE 3 | Maximal intensity projection of our patient. Acquisition of

broadcoast images realized 60 min after injection of 252 Megabecquerels of

FDG-IBA in a vein of the right wrist. Visualization of the supra-diaphragmatic

isolated hypermetabolism.

FIGURE 4 | Sagittal cut, fusion image, 30 mm mass above aortic stock,

maximum standardized uptake value of 12.8.

mediastinum. The posterior mediastinum is the paravertebral
zone bounded by the posterior trachea and pericardium, the
diaphragm, the vertebral column, and the thoracic inlet (18).

The anterior mediastinum is the prevascular zone and the
middle mediastinum is the peri-tracheoesophageal zone (17).
Regarding the other compartments, lymphoma, germinal tumor,
and thymic tumors are typically located in the anterior (19) and
lymphadenopathy and lymphoma in the middle mediastinum.

On imaging, schwannomas occur on the path of a nerve, are
well-limited, often oval and unique. Themetabolic characteristics
of schwannomas on 18F-FDG PET-CT are not well-described
in literature to differentiate benign or malignant forms. Ahmed
et al. did not found an association between SUV and benign
schwannoma or malignant tumor (20).

Beaulieu et al. (21) compared the FDG uptake with
Schwannoma cellularity, tumor size and tumor proliferation rate
(Ki-67 index). The SUVmax varied from 1.9 to 7.2 (mean = 4.6;
n= 9). They found that the SUV max of the hypocellular tumors
was significantly lower than the SUV max of the hypercellular
tumors (composed by a larger; p = 0.010). They did not found
an association between SUVmax and tumor size or Ki-67 index.
They did not find why there is a high FDG accumulation in
benign tumors such as schwannoma.

In a study of 22 histologically proven schwannomas, Miyake
et al. (22) did not find a correlation between expression of glucose
transporters (GLUTs) and SUVmax of the lesions that could
explain why there is a high FDG accumulation in this tumors.
Moreover, SUVmax ranged from 1.5 to 17.3 with a median of
3.7 and factors significantly associated with higher SUVmax were
gastrointestinal origin (p= 0.007) and the presence of peri-tumor
lymph nodes (p < 0.001).

More recently it has been showed that schwannomas with18F-
Dihydroxyphenylalanine (DOPA) uptake (23) and also in 68Ga-
Prostate-specific membrane antigen (PSMA) PET-CT (24).

It therefore seems difficult to conclude to a diagnosis of
Schwannoma only based on SUV characteristics on PET-CT
since their SUVmax seems to vary enormously. There is also
several other causes of known false positives such as infectious
and inflammatory processes.

Several cases reporting masses to PET-CT with
hypermetabolism in follows-up of tumoral pathologies have
been described, and these hypermetabolisms are generally
associated with malignant tumors. However as described earlier
that is not always true. Schwannomas with an 18F-FDG uptake
have been described but especially outside the mediastinum.
To our knowledge only few publications report this situation
in the mediastinum. This case confirms the necessity to be
aware of a neurogenic tumor when the PET reader concludes
to a hypermetabolic mass of the posterior mediastinum and
especially if it can lead to a change in patient care.

CONCLUDING REMARKS

Schwannoma is a potential cause of 18F-FDG false positive
uptake in PET-CT, inducing risk of worse staging or therapeutic
assessment, with consequences on patient management.
Currently there are no reliable argument to differentiate a benign
Schwannoma from a malignant tumor only on 18F-FDG-PET-
CT imaging. This case report also recalls the need to biopsy
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doubtful lesions fortuitly discovered on 18F-FDG-PET-CT in
order to avoid a loss of chance and possible complications related
to unnecessary treatment toxicities.
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Introduction: Bone metastasis of malignant pheochromocytoma is a rare disease. We

report a patient with a 10-year history who underwent 18F-FDG PET/CT to detect bone

metastasis and receive radiotherapy and chemotherapy with complete response for

bilateral iliac pain.

Case presentation: A 48-year-old male patient complained of dizziness, hypertension,

and bilateral iliac pain for 2 months. The patient had a history of resection of bilateral

malignant adrenal pheochromocytoma 10 years earlier, and all complaints were relieved

immediately after operation. 18F-FDGPET/CT showed abdominal lymph node uptake

and multiple bone uptake, as well as multiple brown fat uptake. A biopsy of the left ilium

confirms the metastasis of malignant pheochromocytoma.

Discussion: In our literature review, we discuss the metastasis of pheochromocytoma

reported by some scholars, and the role of radionuclides such as 18F-FDG PET/CT,

18F-DOPA PET/CT, I-123MIBG, and 68Ga-DOTATATE PET, in the diagnosis of malignant

pheochromocytoma. The patient above is a good case for clinicians in the diagnosis

and treatment of metastatic pheochromocytoma, especially in some hospitals with only

18F-FDG imaging agents.

Conclusion: A review of this case and similar rare cases in the literature illustrates the

importance of 18F-FDG PET/CT in the diagnosis of malignant pheochromocytoma.

Keywords: 18F-FDG, malignant pheochromocytoma, brown fat, recurrence, bone metastasis

INTRODUCTION

According to the classification of tumors of the World Health Organization, 3–13% of patients
with adrenal pheochromocytoma are diagnosed as malignant lesions (1). The 5-year survival rate
was 34–60%, depending on the site of tumormetastasis. Patients with liver and lungmetastasis were
shown shorten survival time, while those with only bone metastasis showed the best prognosis (2).
Unfortunately, it is extremely rare that the pheochromocytoma metastasizes to the bone.
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Currently, the commonly used imaging for detecting bone
metastasis is CT, MRI, PET/CT, and SPECT/CT. Among them,
PET/CT or SPECT/CT is a “one-stop” examination, which
displays not only morphological but also metabolic information
of the whole body by one test. 18F-FDG is the analog of
glucose, which reflects the metabolism of glycolysis inside
the tumors. 18F-FDG PET/CT has been widely used in the
detection, staging, prognosis, and therapeutic assessment of
various kinds of tumors. Besides the primary lesions, all
metastatic lesions can be shown, including osteogenic and
osteolytic bone destructions (3). Pacak et al. (4) found that
18F-FDG PET/CT imaging is helpful for the localization
and diagnosis of pheochromocytoma with high sensitivity
and specificity.

Here, we report a rare case of 10-year postoperative bone
metastasis of malignant pheochromocytoma detected by 18F-
FDG PET/CT. The patient has provided a written informed
consent form and agreed to publish this manuscript and any
identifiable images or data.

CASE PRESENTATION

We report a 48-year-old male patient with dizziness,
hypertension, bilateral iliac pain, and elevated blood pressure
for 2 months. Bilateral adrenalectomy and splenectomy were
performed in 2009. Postoperative pathology confirmed bilateral
adrenal pheochromocytoma. All the symptoms were completely
relieved, and the blood pressure returns to a normal level
after operation. No antitumor and antihypertension therapy
were needed. In April 2020, the patient visited the hospital
and complained bone pain in the left hip, accompanied by
palpitation, shortness of breath, and dizziness. The highest
blood pressure was 200/120 mmHg, cortisol 4PM was 6.54
µg/dl (3.44–16.76), cortisol 8PM was 13.64 µg/dl (5.27–22.45),
and serum corticotropin was 167.9 pg/ml (7.20–63.30). Chest
X-ray showed no abnormality, UCG: left ventricular diastolic
function decreased (Grade I), aortic sinus widened. T3, T4, TSH,
CEA, CA125, CA199, PSA, HCG, NSE, CY-FRA21-1, and other
tumor-related markers were normal. Urapidil sustained-release
tablets were not effective, and the blood pressure control was not
satisfied. The bone pain was obviously aggravated in nearly half
a month.

In order to further find out the cause of bone pain, the patient
underwent 18F-FDG PET/CT examination in our hospital. After
fasting for more than 4 h, 7.91 mCi was injected intravenously,
and 18F-FDG PET/CT brain body tomography was performed
after 60-min rest.

An 18F-FDG PET/CT scan reported abdominal lymph
node metastasis (SUVmax, 5.2) and multiple bone metastasis
(SUVmax, 20.3) (Figure 1), accompanied by FDG uptake
of bilateral vertebrae and intercostal muscles (SUVmax,
6.5) related to brown fat uptake (Figure 2). The bone
biopsy of left iliac (Figure 3) considered metastasis of
malignant pheochromocytoma. Combined with medical
history of bilateral adrenal pheochromocytoma and
immunohistochemical results: Cha (-), Vim (+ +),

AE1/AE3 (-), the case was finally confirmed malignant
pheochromocytoma metastasis.

The patients received cyclophosphamide, vincristine, and
dacarbazine (CVD) chemotherapy for three cycles. Then,
bilateral iliac metastatic lesions were treated with high-dose-rate
interstitial brachytherapy (54Gy/3Gy/18f). Finally, the pain in
the ilium of the patient was completely relieved after radiotherapy
and chemotherapy.

DISCUSSION

Pheochromocytoma is a benign tumor derived from chromaffin
tissue adjacent to adrenal medulla or sympathetic ganglion (5).
About 10% of the tumors are bilateral, 10% are non-functional,
and 10% are malignant (6). Themetastasis has occurred when the
malignant pheochromocytoma was found. The only diagnostic
criterion for malignant pheochromocytoma is the detection of
tumor metastasis (7). Metastases can be isolated or multifocal,
commonly in bone, and rarely metastatic to lymph, lung, and
liver. The order of involvement was long bone, pelvis, skull,
vertebral body and ribs, mostly osteolytic destruction (8).

Studies show that the 5-year survival rate of patients with
pheochromocytoma without metastasis can reach 89.3% (9).
However, the prognosis of patients with distant metastasis is very
poor, with a 5-year survival rate of about 40% and a low long-
term survival rate (10). Press et al. (11) believed that recurrence
was difficult to treat, especially if diagnosis was not in time
or disease had metastatic spread. Therefore, early diagnosis of
patients with pheochromocytoma, with malignant potential and
careful evaluation of the location and extent of the tumor, is of
great significance for the cure of the tumor and the prolongation
of survival of the patients.

We searched PubMed with the words “pheochromocytoma”
and “osseousmetastasis,” and a total of 35 cases have
been reported. McCarthy et al. (12) reported a case of
pheochromocytoma metastatic to the left femur, which was
detected by X-ray in 1977. They suggested surgical treatment
was a nice method for patients with isolated bone metastasis.
Kasliwal et al. (13) reported a case of metastatic malignant
pheochromocytoma in vertebrae with MRI SPECT imaging and
131I-MIBG therapy. Darlong et al. (14) also reported a bladder
and vertebral and rib metastasis detected by 18F-DOPA PET.

In 18F-FDG PET/CT scans, the incidence of brown adipose
tissue uptake is 1.44–6.7% for physiological reasons (15). The
most common location of brown adipose tissue detected by adult
18F-FDG PET/CT is the blue area in Figure 2A. In this case,
there is brown fat uptake in the intercostal muscle, suggesting
a recurrence of pheochromocytoma. On the other hand, in
recent years, 18F-FDGPET/CT has confirmed the existence of
metabolically active brown fat under pathological conditions
(16). The increase of brown adipose tissue in patients with
pheochromocytoma is associated with high levels of serum
catecholamine secretion (17).

More and more new molecular probes or agents were
introduced to modality imaging techniques, especially
PET/CT. Besides FDG, there are many new probes in
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FIGURE 1 | As shown in MIP of 18F-FDG PET, 18F-FDG uptake in the petrous part of right temporal bone [(A), arrows], right foramen magnum, right four anterior

ribs, left five lateral ribs and posterior ribs, left eight posterior ribs [(A), arrows], left pedicle of Lumbar 3 vertebral body [(A), arrows], and bilateral ilium [(A), arrowhead]

are revealed and characterized with osteolytic bone destruction. Axial CT, PET, and fusion PET/CT images of representative involve bone lesions, including the petrous

part of right temporal bone [(B–D), arrows; SUVmax, 20.3] and bilateral ilium [(E–G), arrowhead; SUVmax, 20.3], which are exhibited. In addition, the image shows the

18F-FDG uptake in the abdominal lymph nodes peri-pancreatic, indicating pheochromocytoma metastasis [(H–J), arrow; SUVmax, 5.2].

FIGURE 2 | In this case, 18F-FDG uptake (SUVmax, 6.5) is seen in the bilateral vertebrae and intercostal muscles. Representative brown adipose tissue in the

thoracic vertebra transverse process [(B–D), arrows] and in posterior intercostal space [(E–G), arrowhead] in the axial CT, PET, and fusion PET/CT images is exhibited.

The most common location for brown adipose tissue that is detectable in adults by PET/CT is the blue area in (A).

radiopharmaceuticals were reported, which played an important
and promising role in the diagnosis and therapeutic assessment
of metastatic malignant pheochromocytoma.

A SPECT radionuclide tracer, 123I-MIBG, has high specificity
in the localization and diagnosis of pheochromocytoma,
and is of great significance in ectopic pheochromocytoma,
postoperative reexamination, and multiple diseases (18). In
addition, Grassi et al. (19) reported a patient with malignant

pheochromocytoma who underwent 18F-DOPA PET/CT,
I-123MIBG, and 68Ga-DOTATATE PET examinations. The
results show that I-123MIBG imaging has traditionally been used
to detect pheochromocytoma, but recent studies have shown
that some pheochromocytoma imaging may be false negative.
Therefore, in order to better display pheochromocytoma, we can
consider using new imaging agents, such as 18F-DOPA PET/CT
and 68Ga-DOTATATE PET.
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FIGURE 3 | Biopsies of the left ilium demonstrated the presence of metastasis of malignant pheochromocytoma. That tumor cells are spindle shaped and oval, with

abundant cytoplasm and pink staining, and the nuclei are round, oval, and deeply stained, which are observed in the microscopic section of hematoxylin-eosin stain

[(A,B), original magnification × 10].

In addition, Yanagi et al. (20) reported a primary lesion of
the right adrenal, illustrating low uptake due to wide centric
necrosis, and metastatic lesions of liver, lumber vertebrae,
ribs, and sacroiliac joint showed high uptake on the I-131
MIBG scintigraphy. 131I-MIBG can be selectively absorbed
by pheochromocytoma and stored in catecholamine granules
of tumor cells to release β-rays in particles and act on
tumor cells to achieve therapeutic effect. 131I-MIBG palliative
treatment has a certain effect (21). A recent study using FDG-
PET, 18F-fluorodopamine PET, MIBG, 111In-pentetreotode, and
99mTc-methylene diphosphate scintigraphy indicated that FDG-
PET was the preferable functional imaging modality for the
localization of metastatic paraganglioma (22). Jaiswal et al. (23)
studies show that 177Lu-DOTATATE is a safe and effective
method for the treatment of metastatic pheochromocytoma.Win
et al. (24) retrospectively reviewed five patients with malignant
phaeochromocytomawho underwent imaging with CT and 123I-
MIBG and compared the results with those of PET imaging using
68Ga-DOTATATE. The results showed that, compared with
123I-MIBG, 68Ga-DOTATATE showed more lesions, a higher
uptake rate, and better resolution.

The patient above is a good case for clinicians in the
assessment of metastatic pheochromocytoma, especially in some
hospitals with only 18F-FDG imaging agents.

CONCLUDING REMARKS

Bone metastasis of malignant pheochromocytoma is a rare
disease with poor prognosis. For patients with the potential for
malignant recurrence, it is necessary to screen valuable predictors
of recurrence, strengthen follow-up, and find recurrent diseases.

This will help to completely cure and improve the prognosis
of patients. Our case shows that 18F-FDG PET/CT has a
good value in the localization diagnosis and clinical staging of
malignant chromaffin bone metastasis. In addition, brown fat
imaging can evaluate the level of catecholamine secretion in
diseased blood and very helpful for clinical diagnosis of recurrent
malignant pheochromocytoma.
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China

A 62-year-old female patient with pathologically confirmed left lung small cell

neuroendocrine carcinoma. The patient was referred to our positron emission

tomography (PET)/CT center to look for possible metastatic diseases. After fasting for

8 h, the fasting blood glucose level of the patient was 7.1 mmol/L. The patient was

intravenously injected with a 6.42 mCi (238 MBq) 18F-fluorodeoxyglucose (FDG) imaging

agent. After the patient rested for 1 h, we scanned the patient with SIEMENS Biograph

mCT 64 PET/CT camera. In addition to lung tumors and lymph node diseases, abnormal

tracer uptake in the patient’s thyroid was also found. PET/CT also showed situs inversus

totalis of the patient, including the dextrocardia, liver on the left side, stomach, and spleen

on the right side of the patient’s body. The identification of anatomical variations and

abnormalities by PET/CT imaging is very important to develop the best treatment for

lung cancer.

Keywords: 18 F-FDG, PET/CT, small cell lung cancer, situs inversus totalis, neuroendocrine carcinoma

INTRODUCTION

Situs inversus totalis refers to the position of the thoracic cavity, abdominal cavity, or thoracic and
abdominal cavity, which is opposite to normal and presents a mirror image with healthy people
(1). This kind of patient is rare in clinics (2). It is reported that situs inversus totalis (SIT) can
be associated with multiple cancers, such as breast cancer (3), esophageal cancer (4), and cervical
cancer (5). Lung small cell neuroendocrine carcinoma, also known as small cell lung cancer (SCLC),
is a subtype of pulmonary neuroendocrine tumors (PNETs) (6). According to the classification of
who in 2015, PNETs are divided into four subtypes: typical carcinoid (TC), atypical carcinoid (AC),
large cell neuroendocrine carcinoma (LCNEC), and SCLC (7). PNETs are epithelial tumors derived
from pulmonary neuroendocrine cells. They have unique biological and clinical characteristics,
accounting for about 20% of primary lung tumors. They are a common type of neuroendocrine
tumor (NETs) (8). It is rare for the same patient to have both SIT and SCLC. Positron emission
tomography (PET)/CT is a molecular imaging technology able to provide both anatomical and
functional information. It can obtain cross-sectional images of the whole body in all directions, to
achieve the purpose of early detection of lesions and diagnosis of diseases (9). In this study, we
reported the PET/CT of patients with SIT along with SCLC as follows.
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FIGURE 1 | Chest imaging of positron emission tomography (PET)/CT scan. (A) There was high tracer uptake in the left hilar area. (B) The bronchus of the lower lobe

of the left lung was truncated, and high tracer uptake was observed.
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FIGURE 2 | PET/CT scan showed that this was a patient with situs inversus totalis (SIT). (A,B) Axial PET, CT, and PET/CT fusion images show the dextrocardia (red

area), liver on the left side (yellow area), stomach (white area), and spleen (green area) on the right side of the patient’s body. (C) Coronal PET, CT, and PET/CT fusion

images show the dextrocardia (red area), liver on the left side (yellow area), stomach (white area), and spleen (green area) on the right side of the patient’s body.

CASE PRESENTATION

A 62-year-old woman was admitted with a cough with
intermittent coughed blood. Themain performance is no obvious
inducement of cough, mainly obvious at night, the weight loss
of 10 kg within half a month. The patient’s cough has worsened

in the past day with hemoptysis. CT scan showed central lung
cancer with obstructive pneumonia in the lower lobe of the
left lung, and SIT was also found. The serum ferritin level was
300.73 ng/ml and the carbohydrate antigen CA125 level was
132.8 µ/ml. The pathological results of bronchoscopy biopsy

confirmed that it was small cell neuroendocrine carcinoma of the
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FIGURE 3 | PET/CT scan found that multiple lymph nodes also had high tracer uptake. Axial and coronal PET, CT, and PET/CT fusion images show tracer uptake in

the mediastinum (A) Right hilar, (B) Gastric, (C) Liver, and (D) Lymph nodes.

lung [immunohistochemical results: CK (P) (+), CD56 (+), Cg-
A (+), CK7 (–), P63 (–), P40 (–), Ki-67 (90%+), TTF-1(SPT24)
(+), and Syn (+)]. The patient was referred to our department
for an 18F-fluorodeoxyglucose (FDG) PET/CT examination.

The PET/CT (SIEMENS Biograph, Germany) scan results
showed high tracer uptake in the left hilar area (Figure 1A).
The bronchus of the lower lobe of the left lung was truncated
and significant uptake of tracer was observed (Figure 1B). The
results of this scan were consistent with those of CT scan
and pathological examination. An interesting phenomenon was
found when observing the whole-body PET/CT scanning images
of patients. PET/CT scan showed that this was a patient with
SIT. The imaging of the heart, liver, stomach, and other organs
in the patient is completely opposite to that in the normal person
(Figure 2).

In addition to the known high tracer uptake in left lung
tumors, PET/CT scan also found high tracer uptake in multiple
lymph nodes. These lymph nodes were distributed in the
mediastinum (Figure 3A), right hilum (Figure 3B), stomach
(Figure 3C), and liver (Figure 3D). At the same time, we also
found mucinous changes in the patient’s left maxillary sinus, and

its tracer uptake was slightly increased (Figure 4A). However,
PET/CT showed no significant change in thyroid density, but the
tracer uptake was abnormally increased (Figure 4B). However,
the levels of thyroid-stimulating hormone (TSH, 4.57 mIU/L,
0.4–5), triiodothyronine (T3, 1.83 nmol/L, 1.07–2.6), thyroxine
(T4, 117.46 nmol/L, 69–161), free triiodothyronine (FT3, 4
pmol/L, 2.76–7.65), and free thyroxine (FT4, 8.09 pmol/L,
7.98–16.02) in the patient’s serum were within the normal
range. Laboratory examination also found that the contents
of alanine aminotransaminase (ALT, 47.3 U/L, 0–40), aspartate
aminotransaminase (AST, 53.7 U/L, 0–35), γ-glutamyltransferase
(GGT, 112 U/L, 0–45) and alkaline phosphatase (ALP, 157.6
U/L, 50–135) in the patient’s serum were significantly increased,
but PET/CT scan did not find obvious abnormalities in
the liver.

DISCUSSION

Situs inversus totalis (SIT), is a rare congenital anomaly,
represents a complete left to right side transposition of the
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FIGURE 4 | PET / CT scan showed abnormalities of maxillary sinus and thyroid. (A) Axial and coronal PET, CT, and PET/CT fusion images show mucinous changes in

the left maxillary sinus. (B) Axial and coronal PET, CT, and PET/CT fusion images showed abnormal tracer uptake in the patient’s thyroid.
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asymmetrical thoracic and abdominal organs, and incorporates
dextrocardia (1, 3). As shown in this case, simultaneous
abnormalities in the respiratory and lymphatic system often
complicate SIT cases. Interestingly, the occurrence of lung small
cell neuroendocrine carcinoma in patients with SIT is extremely
rare. This is the first reported case of SCLC, lymph node
metastasis, and SIT.

Although surgical resection is a common method for SCLC
treatment, it is more difficult to stage and treat SCLC after
SIT and lymph node metastasis. PET/CT not only has the
characteristics of high spatial resolution and clear anatomical
structure of CT but also has the advantages of PET functional
imaging. At the same time, PET/CT scan can also provide
information about whether there is metastasis in various organs
of the whole body and provide strong evidence for the accurate
staging of tumors (9).

It is well known that SIT, bronchiectasis, and sinusitis are
typical features of Kartagener syndrome. Kartagener syndrome
complicated with lung cancer has also been reported before (10).
Although there is no pathological evidence of bronchiectasis, in
this case, careful examination is still needed before the operation
to rule out the possibility of Kartagener syndrome. At the same
time, if surgical treatment is required, surgeons need to be very
careful about SIT to avoid errors. Although SIT has been reported
with solid tumors (1, 3–5, 11), whether an association between
SIT and malignancies has been controversial, and further clinical
and epidemiological research evidence is needed due to objective

limitations such as the number of cases. It is also necessary to see
if malignant metastases already exist when developing treatment
options for patients with SIT with tumors. PET/CT scanning is
very important to identify the abnormal biological distribution of
tracers and observe anatomical variation, so as to help clinicians
formulate the best treatment strategy for patients.
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Failed back surgery syndrome (FBSS) is a highly prevalent condition in patients after
spine surgery. Although magnetic resonance imaging (MRI) is the gold standard for the
diagnosis of epidural fibrosis, it is sometimes difficult to determine if epidural fibrosis
contributes to radiculopathy. Herein, we share our experience in locating radiculopathy
lesions using simultaneous positron emission tomography (PET)/MRI. 2-[18F]-FDG
(18F-fluorodeoxyglucose) simultaneous PET/MRI maps of body glucose metabolism
detected using PET can be used to correlate anatomical details provided by MRI to
offer a very clear picture of neural inflammation due to extensive epidural fibrosis.
More applications of 2-[18F]-FDG simultaneous PET/MRI in low back pain and other
musculoskeletal diseases should be further investigated in the future.

Keywords: epidural fibrosis, magnetic resonance imaging, failed back surgery syndrome, positron emission
tomography, case report

INTRODUCTION

Failed back surgery syndrome (FBSS) is defined as persistent back or leg pain after one or more
lumbar disk surgeries (1). Treatment for FBSS is often ineffective because of the difficulty in
identifying the etiology (2). Magnetic resonance imaging (MRI) is the gold standard for evaluating
spine lesions; contrast-enhanced MRI can differentiate between epidural fibrosis, spinal stenosis,
and disk herniation (3). Although substantial intra-observer and near-perfect inter-observer
agreement have been achieved for the evaluation of epidural fibrosis using MR images (4), we
are still unable to determine whether epidural fibrosis causes radiculopathy (5). Positron emission
tomography (PET)/computed tomography(CT) has been previously used to detect peripheral
nerve pathologies, including neurolymphomatosis and neuritis (6–8). However, to our knowledge,
the PET-MR findings of radiculitis after laminectomy have not been reported. Studies using PET
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to assess metabolic activity showed increased binding in the
spinal cord and compressed nerve roots in patients with radicular
pain (9). We present a patient with FBSS who presented with
refractory back pain radiating to the right leg and for whom root
entrapment by epidural fibrosis was observed using PET/MRI.

CASE REPORT

The patient was a 66-year-old woman with chronic lower back
pain. She denied any history of having systemic diseases, such

as diabetes mellitus. She failed from conservative treatment
including anti-inflammatories, muscle relaxants, analgesics and
physical therapies. After a series of conservative treatments,
she underwent, laminectomy of L5-S1 and posterior lumbar
interbody fusion of L4–S1 was performed 20 months ago.
Persistent back pain with downward radiation at the right foot
(predominantly tightness and numbness) was noted after the
operation; it correlated to the L5 or S1 dermatome. MRI revealed
extensive scars over the sides of L4 to S1, bilaterally. However,
the decision for surgical intervention was difficult to make
because the patient only had symptoms on the right side. She

FIGURE 1 | (A–C) Maximum intensity projection, MRI and PET-MR fusion images at the level of L3-L4, separately. (D–F) Maximum intensity projection, MRI and
PET-MR fusion images at the level of L5-S1, separately. Fat-suppression T1-weighted sequences in the axial plane without contrast showing increased and
homogeneous intensity within the epidural space [arrowheads in panels (B,E)], indicative of extensive scar formation. The fusion images [arrowheads in panels (C,F)]
reveal mild FDG uptake in the epidural scar with SUVmax of 2.0. The epidural fibrosis encircles the right L4 root [arrow in panel (C)] and right S1 root [arrow in panel
(F)]. The FDG uptake of the right L4 root is similar to that of the adjacent epidural scar, while the right S1 root shows intense FDG uptake with SUVmax of 4.2.

FIGURE 2 | CT-guided transforaminal injection at the level of L5-S1. Axial CT for the extent of contrast spread. (A) Visualization of the needle in the epidural space
(arrowheads) and the dye (thick arrow) blocked by the scar. (B) Contrast filling around the right S1 root (thick arrow) at the ventral epidural space.
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underwent right pedicle screw removal and decompression but
did not have any improvement after surgery. She was also treated
with radiofrequency ablation and nerve block, but the effect
was only transient and it lasted less than one day. The lower
back pain and right leg claudication worsened after 3 months,
with a visual analog scale (VAS) score of 9. The patient visited
our outpatient department due to persistent symptoms. 2-[18F]-
FDG PET-MRI scans were arranged and performed on a 3T
PET/MRI scanner (Signa PET/MRI, GE Healthcare, Waukesha,
WI, United States), which combines 3T MRI with time-of-flight
capable silicone photomultiplier-based PET. The result revealed
a faint FDG uptake (standard uptake value [SUV] = 1–2) over
the right lateral epidural scar at the level of L5/S1; the scar was
located along the course of the right S1 root, which revealed a
nodular FDG uptake (maximal SUV = 4.2). Multiple epidural
scars were seen over the sides of L4 to S1, bilaterally; however,
no abnormal FDG uptake other than at the right S1 root was
observed. The tentative diagnosis was entrapment neuropathy
secondary to epidural fibrosis (Figure 1). We arranged CT-
guided transforaminal injection of a lidocaine and contrast dye
mixed injectate for the pre-operative diagnosis of right s1 root
entrapment by an epidural scar (Figure 2). There was a good
response to lidocaine injection for 2–3 hours, however, the
symptoms recurred the following day. The diagnosis of epidural
fibrosis with right S1 root entrapment was confirmed.

DISCUSSION

Failed back surgery syndrome has become a common problem
in recent years, given the increasing rate of spine operations
to treat back pain due to the aging population. It was found
in a systematic review that the number of patients reporting
recurrent back or leg pain after discectomy ranged from 5 to 36%
(10). The post operative pain at the beginning can be caused by
the degenerative changes, hematoma formation in the epidural
or subdural space, infection, nerve injury. The progression of
these etiologies can lead to formation of the epidural fibrosis,
which worsened the symptoms due to traction of the fibrotic
tissue on adjacent nerve roots. Epidural fibrosis is reported as
a contributing factor to postoperative pain in 20–36% of FBSS
cases (11). Although patients with extensive epidural fibrosis
were shown to be 3.2 times more likely to experience recurrent
radicular pain than those with less extensive epidural fibrosis in
a previous study (4). we are still unable to determine whether
radiculopathy is caused by epidural fibrosis (5).

Positron emission tomography is a sensitive tool for
identifying hypermetabolic activity in cells, with broad utility
in cancer surveys (12). PET has unique capabilities to
provide quantitative information about the molecular and
metabolic activity of tissues, but a higher resolution of
anatomic information is needed to localize lesions (13). Hence,
simultaneous PET/MRI has been more valuable because of the
integration of metabolic activity and the detailed anatomy of
the spinal root (9). Simultaneous PET/MRI provides better
information about soft-tissue, spinal cord, and spinal disk
abnormalities than PET/CT (14). The clinical applications of

PET/MRI in the musculoskeletal system have been recently
reported (13). A study reported the role of PET in identifying
inflammation in peripheral nerves in various neuropathies (8)
in which multiple epidural scars were seen over the sides of
L4 to S1, bilaterally. However, these findings did not correlate
with the patient’s clinical symptoms. The decision for surgical
intervention was difficult to make because of the difficulty in
identifying the primary site of the radiculopathy. PET/MRI in our
case revealed increased FDG uptake at the right S1 root, which
was correlated to the epidural scar found entrapping the right
S1 root on MRI. Epidural injections were administered using a
fluoroscopic-guided transforaminal approach at the level of the
involved nerve root to confirm the primary lesion, as described
in a previous study.

In our case, contrast enhanced MRI was not performed.
According to previous study (15), although contrast
enhancement in MRI improved the visualization of nerve
roots lying in scar tissue among 16% cases and better defined
the extent of epidural fibrosis. However, it rarely altered
final diagnosis. In our cases, the epidural fibrosis over was
clearly defined in L3-L4 and L5-S1 with non-contrast MRI.
But only PET/MRI revealed the distinct nerve root lesion.
Study performed by Passavanti et al. (16) also concluded that
Gadolinium enhanced MRI images compared with unenhanced
MRI increased diagnostic confidence and agreement only in
differentiating epidural fibrosis from disk herniation mainly in
the first 6 months After 18 months, Gadolinium enhanced MRI
did neither improve confidence nor agreement. In our case,
the patient received the spine surgery 20 months before the
PET/MRI scan. Therefore, whether performing a gadolinium
MRI should show no difference.

Our case is the first to identify neural inflammation due to
extensive epidural fibrosis after laminectomy. Using PET/MRI
maps, body glucose metabolism detected using PET to correlate
anatomical details provided by MRI can offer a very clear picture
of the neural inflammation caused by extensive epidural fibrosis
(9). In our experience, simultaneous PET/MRI can aid in the
diagnosis of radiculitis in a patient with FBSS, not only for
anatomic evaluation, but also for the metabolic assessment of the
spinal roots in extensive epidural fibrosis.
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Background: Cardiac paraganglioma (CPGL) accounts for 1–3% of cardiac tumors and
is usually benign. In total, 35–50% of CPGL lesions secrete catecholamines, causing
hypertension, excessive sweating, palpitations, headache, and other symptoms.
Preoperative imaging evaluation is important to determine the location of the cardiac
mass, its blood supply vessels, and the relationship with surrounding structures.
Multimodal imaging techniques combine with morphological and functional information
to provide powerful methods for preoperative diagnosis and lesion localization.
Furthermore, they can assist to reduce the incidence of intraoperative and postoperative
complications and improve patient prognosis.

Case Report: A 67-year-old woman suffered from paroxysmal palpitations with
a heart rate of 110 beats per minute 1 month ago. Urine catecholamine and
methoxyepinephrine levels were significantly increased. The patient had a 5-year
history of hypertension with a maximum blood pressure of 160/100 mmHg. Computed
tomography (CT) examination found a soft tissue mass in the right atrium with
heterogeneous and significant enhancement, whose blood supply was from the left
ileal branch artery. The patient then underwent cardiac magnetic resonance (CMR).
The lesion showed inhomogeneous iso signals on the T1-weighted image (T1WI),
slightly high signals on the T2 fat-suppression image, inhomogeneous high signals on
the diffusion-weighted imaging (DWI), and apparent diffusion coefficient (ADC) images.
The mass exhibited heterogeneous and significant enhancement on the first perfusion
and delayed scans after intravenous contrast injection. However, abnormal signals
were surprisingly found in the patient’s right lung, and the possibility of metastatic
lesions could not be excluded. The patient underwent F-18 fluorodeoxyglucose-positron
emission tomography/computed tomography (18F-FDG PET/CT) to rule out metastatic
lesions. A fluorodeoxyglucose (FDG)-avid soft tissue mass was shown in the right atrium,
with the maximum standardized uptake value (SUVmax) at about 15.2, as well as a
pathological intake of brown fat throughout the body. Combined with clinical symptoms,
CPGL was considered without significant sign of metastasis in 18F-FDG PET/CT.
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Finally, the patient underwent surgical resection and the post-operative pathology
confirmed a CPGL.

Conclusion: The combination of 18F-FDG PET/CT with the CMR containing different
image acquisition sequences provides a powerful aid for preoperative non-invasive
diagnosis, localization, and staging of CPGL, which helps to reduce intraoperative and
postoperative complications and improve patient prognosis.

Keywords: heart neoplasms, 18F-FDG, PET/CT, magnetic resonance imaging, x-ray computed tomography,
paraganglioma, case report

INTRODUCTION

Primary cardiac tumors are very rare, with a prevalence
ranging from 0.001 to 0.03%, of which about 20–30% are
malignant (1, 2). Cardiac paraganglioma (CPGL) is extremely
rare as it only accounts for 1–3% of cardiac tumors. In
total, 35–50% of CPGL lesions secrete catecholamines, causing
hypertension, excessive sweating, palpitations, headache, and
other symptoms, most of which can be cured by complete
surgical resection. Preoperative imaging evaluation is important
to determine the exact location of CPGL, the blood supply
vessels, and the relationship with surrounding structures. The
use of multimodality imaging techniques, combined with
morphological and functional information, is helpful in the
preoperative diagnosis, localization of tumors, reduction of the
incidence of intraoperative and postoperative complications, and
improvement of patient prognosis.

CASE PRESENTATION

A 67-year-old woman came to the hospital with 1-month
paroxysmal palpitations and 1-week bilateral lower limb edema
with aggravation for 2 h. The patient presented with paroxysmal
palpitations with a heart rate of 110 beats per minute 1 month
ago and received no treatment. The patient had a 5-year history
of hypertension and a 4-year history of diabetes mellitus, with a
maximum blood pressure of 160/100 mmHg, and usually took
oral antihypertensive medication to maintain her blood pressure.
Physical examination revealed that the patient had no symptoms
of dyspnea, hemoptysis, cyanosis, or abnormal sensation. Urine
catecholamine and methoxyepinephrine levels were significantly
increased (Table 1). An electrocardiogram (ECG) showed sinus
tachycardia and echocardiography found an enlarged left atrium
and a hypoechoic mass of about 4.6 cm × 4.6 cm at the top
of the right atrium near the superior vena cava, with clear
borders and uniform internal echogenicity. Compression of
the right atrium and superior vena cava is demonstrated in
Figure 1. Computed tomography (CT) examination indicated
a soft tissue mass in the right atrium, about 4.7 cm × 4.4 cm
in size, with a CT attenuation value of about 46 HU in
plain view and a significant heterogeneous enhancement with
a CT attenuation value of about 142 HU after enhancement.

Its blood was supplied by the left circumflex branch of the
coronary artery with a nutrient vessel visible in the lesion
and a draining vein connected to the superior vena cava
(Figure 2). The patient then underwent cardiac magnetic
resonance (CMR) imaging. The lesion was found in the right
atrium with the inferior border reaching the entrance of
the inferior vena cava, with inhomogeneous iso signal on
T1-weighted image (T1WI), patchy low signal inside, and
inhomogeneous slightly high signal on T2 fat-suppression image,
ranging from approximately 5.2 cm × 5.0 cm × 6.0 cm [Left right
diameter (LR) × Anteroposterior diameter (AP) × Superior and
lower diameter (SI)]. The lesion displayed inhomogeneous high
signals on the diffusion-weighted imaging (DWI) and apparent
diffusion coefficient (ADC) image. Heterogeneous and significant
enhancement was shown in the first-perfused and delayed
phases after intravenous contrast injection (Figure 3). However,
abnormal signals were surprisingly found in the patient’s
right lung, so an F-18 fluorodeoxyglucose-positron emission
tomography/computed tomography (18F-FDG PET/CT) scan
was performed to rule out metastatic lesions. A soft tissue
mass with a high fluorodeoxyglucose (FDG) uptake was seen
in the right atrium, with the maximum standardized uptake
value (SUVmax) at about 15.2 and a maximum dimension of
approximately 4.1 cm × 5.9 cm, which was poorly demarcated
from the pericardium. In the upper lobe of the right lung, a
mixed-density nodule shadow with a mild FDG uptake was
seen near the pleural, with an SUVmax at about 5.8 and
a size of about 1.7 cm × 2.3 cm, surrounded by a multi-
density nodular shadow with a slightly radioactive uptake
with an SUVmax at about 1.7. Inflammatory lesions were
considered. Furthermore, high FDG uptake of brown fat was

TABLE 1 | Results of laboratory test with reference values.

Variable Value Reference

Urine vanillylmandelic acid (µmol/24 h) 76.00 <6

Urine norepinephrine (µg/24 h) 1130.00 <70

Urine epinephrine (µg/24 h) 369.00 <20

Urea (mmol/L) 8.82 2.2–8.2

Human chorionic gonadotropin (mIU/mL) 7.68 0–5

Erythrocyte sedimentation rate (mm/h) 42.00 0–20

C-reactive protein (mg/L) 6.82 0–5

Immunoglobulin G (g/L) 16.25 5.66–14.25
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FIGURE 1 | Echocardiography of cardiac paraganglioma. An enlarged left atrium and a hypoechoic mass of about 4.6 cm × 4.6 cm at the top of the right atrium near
the superior vena cava was found with clear borders and uniform internal echogenicity, as well as the compression of the right atrium and the superior vena cava.

FIGURE 2 | Computed tomography images of cardiac paraganglioma. (A) Plain image; (B) arterial phase image; (C) venous phase image.

FIGURE 3 | Cardiac magnetic resonance images of cardiac paraganglioma. (A) T1-weighted image; (B) T2 fat-suppressed image; (C) diffusion-weighted imaging;
(D) apparent diffusion coefficient image; (E) first-perfused image; (F) delayed scans image.
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demonstrated symmetrically along the bilateral intermuscular
neck, posterior cervical triangle, mediastinum, intrapericardial,
sternum, spine, parasternal, perirenal, and retroperitoneal area
with the SUVmax at about 34.4, which were typically related
with the high secretion of catecholamine hormones from
paragangliomas (Figure 4). Therefore, based on the clinical
symptoms and multiple imaging findings, a CPGL in the
right atrium was considered. The patient underwent a surgical
resection under general anesthesia and extracorporeal circulation

after preoperative blood pressure control with the α-blocker
phenibutramine and metoprolol tartrate-extended release tablets.
During surgery, the tumor was found to be grayish-yellowish-
red in color, partially located in the atrial wall and the right
atrium. The tumor had a short tip connected to the interatrial
septum and a smooth and intact membrane, with a size of
approximately 7.5 cm × 6.0 cm × 3.5 cm. Histopathological
examination showed that the tumor cells were organoid and
glandular vesicle-like in arrangement, with indistinct boundaries,

FIGURE 4 | 18F-FDG PET/CT images of cardiac paraganglioma. (A,B) The whole-body maximum intensity projection showed an intensely hypermetabolic thoracic
mass. (C–E) In a cardiac lesion with a high FDG uptake, the SUVmax is about 15.2. (F–H) In the upper lobe of the right lung, a mixed-density nodule with a mild
FDG-avid was found near the pleural, with the SUVmax at about 5.8 and a size of about 1.7 cm × 2.3 cm, inflammatory lesions were considered. (I–K) High FDG
uptake of brown fat was demonstrated symmetrically along the perirenal and retroperitoneal area with the SUVmax at about 34.4, which was usually caused by the
high secretion of catecholamine hormones from paragangliomas.

FIGURE 5 | Histologic and immunohistochemical features of cardiac paraganglioma. (A) Hematoxylin-eosin (HE) staining showed that the tumor cells were
polygonal, with round-like nuclei and rare nuclear fission images (magnification, ×200). In immunohistochemical staining, the tumor cells were positive for CD56 (B),
SYN (C), CgA (D), and S-100 (E). Moreover, 3% of them were positive for Ki-67 (F) [magnification (B–F) ×200].
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an eosinophilic cytoplasm, round-like nuclei, rare nuclear fission
images, abundant interstitial vessels, fibrous tissue hyperplasia,
and collagenization with pigmentation. Immunohistochemistry
showed Cytokeratin (CK) (−), Epithelial membrane antigen
(EMA) (−), Neural cell adhesion molecules (CD56) (+),
Synaptophysin (SYN) (+), Chromogranin A (CgA) (+), S-
100 (+), Ki-67 (3% +), Melan-A (−), and Homatropine
methyl bromide-45 (HMB45) (−). Based on the results of
pathological morphology and immunohistochemistry, the tumor
was diagnosed as CPGL (Figure 5). The patient showed a good
prognosis after surgery with normal blood pressure and no
complications or tumor recurrence.

DISCUSSION

We report a case of a 67-year-old female patient with primary
right atrial paraganglioma and a review of the literature on
imaging performed with MRI and nuclear medicine imaging.
This case should be excluded from other primary cardiac tumors,
such as a mucinous tumor, hemangioma, or angiosarcomas, with
a different prognosis. Pheochromocytomas and paragangliomas
are a series of neuroendocrine tumors originating from the
adrenal medulla and chromaffin cells of the parasympathetic
or sympathetic ganglia, respectively. Paragangliomas are often
referred to as extra-adrenal pheochromocytomas (3). CPGL is
extremely rare and occurs often in the left atrium, the left
ventricle, and the left atrioventricular sulcus due to the proximity
of the paraganglia cells to the left atrium and less in the
right atrium, the right ventricle, and the atrial septum (4).
In total, 35–50% of CPGLs secrete catecholamine hormones,
which cause symptoms such as persistent or paroxysmal
hypertension, headache, palpitations, and profuse sweating (5, 6).
The occurrence of CPGL is associated with genetic mutations
and is manifested as autosomal dominant inheritance, so the
family history may provide an important diagnostic clue (7). The
differentiation of benign and malignant CPGL cannot be based
on the histopathological criteria but rather on the presence of
distant metastases and biological behavior of recurrence (8, 9).

A literature search was performed on PubMed database from
2005 to 2022, using the keywords containing paraganglioma,
cardiac, and heart. The MRI, single photon emission
computed tomography (SPECT), SPECT/CT, positron emission
tomography (PET)/CT, and PET/MRI manifestations of CPGL
are summarized in Tables 2, 3 (1, 10–30). The purpose of
imaging for CPGL is not only to localize and characterize the
tumor but also to determine whether the surgical resection
can be successfully undergone and to perform the post-
treatment follow-up. CPGL, containing paraganglia cell nests
and surrounding supporting cells, is a blood-rich tumor that
often involves the coronary artery as the trophoblastic vessel.
In this case, the left ileal branch is the blood-supplying artery.
Echocardiography is the most common initial test. CPGL is
mostly presented as a hypoechoic mass, suggesting the presence
of a cardiac tumor. CPGL usually appears as round or ovoid
in CT. When the tumor is large, cystic degeneration and
necrosis, as well as hemorrhage, may occur. MRI is better than

echocardiography and CT scan by providing more details of
CPGL and its relationship to the surrounding structures. Due
to the absence of radiation, MRI is more suitable for pediatric
patients and screening. CPGL typically shows an equal or a low
signal on T1WI but the signal will increase when the foci are
accompanied by bleeding. High signals were found on T2WI with
no reduction of signal in the antiphase. CPGL shows significant
enhancement after contrast administration whereas extensive
perfusion is seen in the early phase (31). Tumor necrosis can be
detected on MRI and is a common feature seen in CPGL (23).

For metastatic lesions, functional imaging usually has a
higher sensitivity, especially for bone metastases and distant
soft tissue metastases that may be difficult to visualize on
CT or MRI. Radionuclide imaging techniques are available
for detecting, staging, and following up on paragangliomas.
Beyond their ability to detect and localize paragangliomas, these
imaging methods can provide valuable additional information
(32). In SPECT imaging, 123I-labeled metaiodobenzylguanidine
(MIBG) is a guanethidine analog that is structurally similar
to norepinephrine and is taken up by adrenergic storage
cells in the adrenal gland and the paraganglia, allowing it
to visualize neuroendocrine tissues. The sensitivity of 131I-
MIBG scintigraphy is limited, so 123I-MIBG scintigraphy was
introduced to improve image quality and increase sensitivity
(33). Van Der Horst-Schrivers et al. (34) considered that the
sensitivity of 123I-MIBG scintigraphy for non-metastatic and
metastatic PGL has been documented to be 96 and 79%,
respectively. Timmers et al. (35) researched different functional
imaging methods in the localization of pheochromocytoma
and paraganglioma, the sensitivity rates to the detection
rate of 6-Fluoro-(18F)-l-3,4-dihydroxyphenylalanine (18F-DOPA
PET), 18F-fluorodopamine PET, 18F-FDG PET, and 123I-MIBG
scintigraphy in non-metastasis PGL were 81, 77, 88, and 77%,
respectively, and their sensitivity rates to the detection rate of
metastatic PGL were 45, 76, 74, and 57%, respectively. 18F-
FDG PET/CT is recommended for patients with a biochemically
established diagnosis of PGL when the aim is to localize the
primary tumors and exclude metastases. In this case, the glucose
metabolism of the soft tissue mass in the right atrium was
high but metastatic lesions in the lung were excluded, which
provided a powerful help for surgical resection. However, the
FDG uptake alone cannot make an accurate judgment on the
histological origin of the tumor so other imaging features from
CMR should be integrated to further localize, characterize, and
quantify the lesions.

Cardiac paraganglioma should be distinguished from a cardiac
mucinous tumor, cavernous hemangioma, and angiosarcoma
(10, 30). Mucinous tumors are the most common cardiac tumors
mostly occurring in the left atrium with visible tips attached to
the atrial septum or the atrial wall, and the lesions can follow
the movement of the heart. Cardiac cavernous hemangiomas
occur mostly in the left ventricle and showed hypodense on the
CT scan. After enhancement, the lesions may show a gradual
filling from the margin to the center. Angiosarcoma is the most
common cardiac malignancy, which is mostly located in the
right atrium, with dyspnea and chest pain as the main clinical
manifestations. The imaging shows a mass with heterogeneous
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TABLE 2 | Magnetic resonance imaging findings of cardiac paraganglioma.

Sr. no. References Age (years) Sex Location T1WI T2WI Enhancement
patter

Density
characteristics

1 Duan et al. (10) 22 Woman Left atrium Hyperintense Hyperintense NA Heterogeneous

2 Patrianakos
et al. (11)

38 Man Transverse sinus Isointense to
myocardium

Strong hyperintense NA NA

3 Arcos et al. (1) 22 Woman Left atrioventricular
groove

Slight hyperintense Slight hyperintense Focal late gadolinium
enhancement

Heterogeneous

4 Berona et al.
(12)

34 Woman Left atrium Hyperintense Hyperintense NA NA

5 Degrauwe et al.
(13)

43 Man Intrapericardial Isointense Hyperintense Intense enhancement Homogenous

6 Gahremanpour
et al. (14)

24 Woman Left atrial Hyperintense Hyperintense Substantial contrast
enhancement

NA

7 Bhojwani et al.
(15)

42 Man Left anterior
descending artery

Intermediate
hyperintense

Hyperintense Avid contrast
enhancement

NA

8 Del Forno et al.
(16)

46 Woman Right atrioventricular
groove

Hypointense Hyperintense NA Heterogeneous

9 Beroukhim
et al. (17)

16 Man Between the aorta and
the main pulmonary
artery

Isointense Hyperintense Peripheral
hyperenhancement

Heterogeneous

10 Manabe et al.
(18)

46 Woman Between the pulmonary
artery trunk and the left
atrium

NA Hyperintense Avid enhancement Heterogeneous

11 Semionov and
Sayegh, (19)

25 Woman Right intrapericardial NA NA Avid enhancement NA

12 Tomasian et al.
(20)

25 Woman Left atrial Hypointense Hyperintense Intense enhancement Heterogeneous

13 Alghamdi et al.
(21)

39 Man Between the left atrial
appendage and the
main pulmonary artery

NA NA Avid enhancement Heterogeneous

14 Thomas et al.
(22)

32 Woman Right atrioventricular
groove

NA NA Avid enhancement Heterogeneous

15 McGann et al.
(23)

54 Man Right atrium NA NA Thin, circumferential rim
of contrast-enhanced
tissue

Heterogeneous
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TABLE 3 | The single photon emission computed tomography (SPECT) and positron emission tomography (PET) findings of cardiac paraganglioma.

Sr.no. References Age (years) Sex Location Imaging methods Metabolism Distant
metastasis

1 Duan et al. (10) 22 Woman Left atrium 18F-FDG PET/CT Hypermetabolic
(SUVmax 29.5)

None

2 Michałowska et al. (24) 25 Man Atrioventricular groove 99mTc-HYNICTOC SPECT/CT Hypermetabolic None

3 Huot Daneault et al. (25) 47 Man Right atrium 18F-FDG PET/CT Marked
hypermetabolism
(SUVmax 36)

Diffuse
bone
metastatic

3 Huot Daneault et al. (25) 47 Man Right atrium 68Ga-DOTATATE PET/CT Hypermetabolic
(SUVmax 14)

Diffuse
bone
metastatic

4 Wu et al. (26) 21 Man Right atrioventricular
sulcus

18F-FDG PET/CT Hypermetabolic None

4 Wu et al. (26) 21 Man Right atrioventricular
sulcus

123 I- MIBG scintigraphy Hypermetabolic None

5 Arcos et al. (1) 22 Woman Left atrioventricular
groove

18F-FDG PET/CT Hypermetabolic None

6 Gahremanpour et al. (14) 24 Woman Left atrial 123 I-MIBG scintigraphy Hypermetabolic None

7 Almenieir et al. (27) 24 Woman Right ventricle 18F-FDG PET/CT Hypermetabolic None

8 Bhojwani et al. (15) 42 Man Abutting the left anterior
descending artery

18F-FDG PET/MRI Hypermetabolic
(SUVmax 16)

None

9 Manabe et al. (18) 46 Woman Between the pulmonary
artery trunk and the left
atrium

123 I-MIBG scintigraphy Obvious focal
hypermetabolic

None

9 Manabe et al. (18) 46 Woman Between the pulmonary
artery trunk and the left
atrium

18F-FDG PET/CT Hypermetabolic
(SUVmax 15.6)

None

10 Semionov and Sayegh (19) 25 Woman Right intrapericardial 18F-FDG PET/CT Hypermetabolic
(SUVmax 31)

None

11 Tomasian et al. (20) 25 Woman Left atrial 18F-FDG PET/CT Hypermetabolic None

12 Thomas et al. (22) 32 Woman Right atrioventricular
groove

18F-FDG PET/CT Hypermetabolic None

13 Dhanasopon et al. (28) 24 Woman Left atrium 18F-DOPA PET/CT Hypermetabolic None

14 Yuan et al. (29) 15 Woman Right atrium 123 I-MIBG scintigraphy Hypermetabolic None

15 Sheehy et al. (30) 37 Woman Right atrioventricular
groove

18F-FDG PET/CT Hypermetabolic None

MIBG, metaiodobenzylguanidine; FDOPA, 6-18F-fluoro-L-3, 4-dihydroxyphenylalanine; HYNICTOC, hydrazinonicotinyl-Tyr3-octreotide; FDG, fluorodeoxyglucose.

density/signal and enhancement due to the existence of necrosis.
Extensive pericardial involvement and hemorrhagic pericardial
effusion can be found. Due to the low incidence and variety of
cardiac tumors, it is easy to miss or misdiagnose them by relying
on one examination alone. Therefore, in addition to imaging
methods, the diagnosis of cardiac tumors should be based on
clinical and pathological examinations.

Complete surgical resection is the most effective treatment
modality for CPGL; in some cases of CPGL, heart transplantation
might be necessary (3). The role of adjuvant therapy in CPGL
is unclear. Ayala-Ramirez et al. (36) evaluated the clinical
benefit of systemic chemotherapy in patients with metastatic
pheochromocytoma. The study by Tanabe et al. (37) describes
the response to cyclophosphamide, vincristine, and dacarbazine
(CVD) in 17 patients with malignant paraganglioma. Tumor
volume or biochemical markers were decreased by only 30%
in 47.1% of the patients and the progression-free survival
was 31–60 months (37). Patients with complete resection of
the tumor have a good long-term prognosis (38). However,
more than 50% of CPGL have intraoperative or postoperative

complications, whereas their proximity to the vasculature and
complex surrounding tissue relationships make the procedure
technically challenging, and the mortality rate is quite high
(29). Adequate preoperative preparation is important to prevent
intraoperative life-threatening conditions, such as a hypertensive
crisis (39). This case was managed as a complete resection
of the tumor under extracorporeal circulation with a good
postoperative prognosis.

CONCLUSION

In this case, the glucose metabolism of the right atrial soft tissue
mass was high, along with pathological brown fat uptake and
clinical symptoms, so CPGL was considered, which is consistent
with the pathological diagnosis. The combination of 18F-FDG
PET/CT with the CMR containing different image acquisition
sequences provides a powerful aid for preoperative non-invasive
diagnosis, localization, and staging of CPGL, which helps to
reduce intraoperative and postoperative complications and to
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improve the patient prognosis. In addition, the combination of
functional and anatomical imaging of PET/CT examination can
help to find or exclude metastatic lesions in patients.
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Case report: Thoracic and
lumbar plasma cell myeloma
mimicking hemangiomas on
MRI and 18F-FDG PET/CT

Xianwen Hu1†, Wei Xiong2†, Shun Li1, Xue Li1, Jiong Cai1*,

Pan Wang1* and Dandan Li3*

1A�liated Hospital of Zunyi Medical University, Department of Nuclear Medicine, Zunyi, China,
2Yinjiang Autonomous County People’s Hospital, Department of Medical Imaging, Yinjiang, China,
3Zunyi Hospital of Traditional Chinese Medicine, Department of Obstetrics, Zunyi, China

Plasma cell myeloma (PCM) is a malignant clonal disease of abnormal

proliferation of plasma cells, which is the secondmost common hematological

malignancy after leukemia. PCM often di�uses and involves the bones of

the whole body, especially the spinal column, ribs, skull, pelvis, and other

axial bones and flat bones. Herein, we present a 55-year-old man who came

to the hospital seeking medical help for low-back pain and numbness in

his lower limbs. Computed tomography (CT) was performed because the

clinician suspected that the patient had a herniated disc, and the results

showed that the 7th thoracic vertebrae and the 3rd lumbar vertebrae showed

a low density of bone destruction with “honeycombing” changes. Magnetic

resonance imaging (MRI) showed that the corresponding lesions presented

long T1 and long T2 signals, and the lesions were significantly enhanced

in contrast-enhanced T1WI sequences, and fluoro18-labeled deoxyglucose

positron emission tomography/computed tomography (18F-FDG PET/CT)

showedmild radioactive uptake in the lesions. Based on these imaging findings,

the patient was considered for a diagnosis of hemangiomas, and surgery was

performed because the a�ected vertebra was pressing on the spinal cord.

However, intraoperative frozen section examination showed that the patient

had plasma cell myeloma. Our case study suggests that PCM involving a single

thoracic and lumbar spine is rare and should be considered as one of the

imaging di�erential diagnoses of hemangiomas. Moreover, the diagnosis of

PCM is di�cult when the number of lesions is small, especially when the plasma

cell ratio is within the normal reference range in laboratory tests.

KEYWORDS

plasma cell myeloma, hemangioma, PET/CT, magnetic resonance imaging, fluoro18-

labeled deoxyglucose
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Case description

A 55-year-old male patient presented to our hospital for

more than half a year due to lower-back pain and numbness

of both lower extremities. Physical examination showed that

the muscle strength of both lower extremities of the patient

was weakened, the lower back suffered percussion pain, and

there were no positive signs in the rest of the body. The

hemogram, bone marrow examination, and tumor marker

values of the patient were all within the normal reference

range. Imaging examinations were performed because clinicians

suspected he had a lumbar disc herniation. CT showed that the

patient’s 7th thoracic vertebral body, right vertebral arch, and

3rd lumbar vertebral body had low-density bone destruction,

showing “fence-like” or “honeycombing” changes (as shown in

Supplementary Figure 1), which presented as uneven lowT1 and

high T2 signals on magnetic resonance imaging (MRI), and a

contrast-enhanced scan showed marked enhancement of the

lesions (as shown in Figure 1). 18F-FDG PET/CT showed a mild

FDG concentration in the 7th thoracic and 3rd lumbar vertebrae,

with a maximum standard uptake value (SUVmax) of 4 and 4.5,

respectively, as shown in Figure 2. Based on negative laboratory

results and imaging findings that simulated the “fence-like”

or “honeycombing” appearance of hemangioma, the patient

was considered for a diagnosis of hemangioma preoperatively.

Because the diseased vertebral body has a wedge-shaped

flattening and compresses the spinal cord backward, surgical

treatment is necessary in order to relieve its compression

symptoms. Under general anesthesia, the patient received

“posterior percutaneous 3rd lumbar vertebral balloon dilatation

kyphoplasty, and posterior 7th thoracic vertebra vertebroplasty

plus posterior 7th thoracic vertebral adnexectomy, spinal canal

exploration and decompression, and posterior screw rod system

internal fixation.” The diseased tissue removed surgically was

sent for biopsy; HE staining showed the diffuse distribution of

round or oval plasma cells in the tumor. Immunohistochemistry

showed positive expression of tumor cells CD56, CD79a, CD138,

Kappa, MUM1, CD38, Vimentin, and Lambda was weakly

positive, but CD20, CD3, CK, EMA, LCA, and ALK were

negative (as shown in Figure 3). Postoperatively, the patient

received 10 local radiotherapy sessions over a 2-week period,

each dose of approximately 30Gy. The patient’s condition was

stable, and no progress was found in the follow-up for 2 years

through imaging examinations. A recent X-ray examination is

shown in Supplementary Figure 2.

Discussion

Plasmacytoma is a B-cell monoclonal malignant tumor

characterized by abnormal proliferation of plasma cells,

accounting for about 10% of hematological malignancies (1).

The etiology of the disease is unclear, but a study has found

FIGURE 1

MRI showed abnormal signal shadows in the 7th thoracic (T7)

and adnexa vertebrae [(A) T1WI; (B) T2WI fat suppression

sequence; white arrows] and the 3rd lumbar vertebrae [(C)

T1WI; (D) T2WI fat suppression sequence; black arrows].

Besides, The T7 vertebrae became wedge-shaped, suggesting a

pathological compression fracture. T1WI contrast enhancement

showed obvious homogeneous enhancement of the lesions (E).

T7, the white arrow; L3, the black arrow.

that it is closely related to herpes viruses in dendritic cells

cultured from patients with myeloma, as well as to long-

term exposure to industrial and agricultural toxins, ionizing

radiation, chronic infection, advanced age, male sex, obesity,

and family history of hematologic malignancies (2). Studies have

shown that the occurrence of PCM is related to cytogenetic

abnormalities, including 1q21 gene amplification, 17p deletion,

and IgH rearrangement, and (t 4; 14), (t 14; 16), (t 14; 20)

are considered high-risk factors (3–5). PCM is more common

in the elderly, with a median age of 68 years at diagnosis,

and only 35% of patients younger than 65 years at diagnosis

(6). PCM often pervades the whole body bones, especially

the spinal column, ribs, skull, pelvis, and other axial bones

and flat bones, which is mainly manifested as progressive lytic

bone destruction, which can lead to pathological fracture with

the progression of the disease, and patients often come to

the hospital for medical help because of bone pain (7, 8).

Moreover, PCM can cause abnormal hematopoietic function,

anemia, hypercalcemia, abnormal renal function, and repeated

infections may appear (9). The clinical diagnosis of PCMmainly

includes serological examination, bone marrow puncture, and

biopsy. The proportion of monoclonal plasma cells in bone

marrow ≥ 10% or clear biopsy evidence indicating bone or soft

tissue plasma cell tumor (i.e., extramedullary plasma cell tumor)

is the necessary condition for the diagnosis of MM, and only
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FIGURE 2

18F-FDG PET/CT was then performed to assess the nature of the lesion and the patient’s systemic condition. The MIP (A) showed mild radiation

uptake in the T7 area (the black arrow) and increased FDG uptake in the L3 lesion area (the white arrow). In addition, there is radioactive uptake

of lymph nodes in the mediastinum (the asterisk arrow), which are pathologically confirmed as inflammatory. The axial figures at the T7 level [(B)

PET; (C) CT; (D) PET/CT fusion] showed the destruction of bone density in the vertebral body and adnexa, presenting a “fence-like” change, with

a slight increase in FDG uptake and an SUVmax of 3.0 (black arrows). An axial map at the L3 level [(E) PET; (F) CT; (G) PET/CT fusion] showed

destruction of bone density in the right portion of the vertebral body with increased FDG uptake and SUVmax of 4.5 (white arrows). Based on

these imaging findings, the patient was considered to have hemangiomas. Based on pathological and immunohistochemical findings, the

patient was confirmed to have plasma cell myeloma.

FIGURE 3

HE staining showed the di�use distribution of round or oval plasma cells in the tumor (A). Immunohistochemistry showed positive expression of

tumor cells CD56 (B), CD79a (C), CD138 (D), Kappa (E), and MUM1 (F).
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3–5% of MM patients with bone marrow plasma cell proportion

<10% (10). The results of the bone marrow examination in

our case were all within the normal reference range, which is

relatively rare.

Imaging examinations are of great significance to the

localization of PCM, the extent of involvement, and the

formulation of treatment plans, especially CT, MRI, and

PET/CT. On CT, PCM mainly manifests as punch-like, moth-

eaten, or granular low-density bone destruction areas, and some

patients only show osteoporosis-like changes (11). Vertebral

PCMs have different MRI appearances at different ages due to

changes in the ratio of red and yellow bonemarrow components.

On T1WI, the area of bone destruction or bone marrow

infiltration is a clearly demarcated low signal against the high

signal of bone marrow fat, and contrast-enhanced T1WI scans

showed mild to moderate inhomogeneous enhancement; on

T2WI, the lack of contrast with a bone marrow fat signal often

leads to unclear lesions; on T2WI, fat suppression due to the

signal of fat was suppressed, and the high signal of the lesion was

clearly displayed (12). MRI diffusion-weighted imaging (DWI)

is a non-invasive method that can reflect the diffusion of water

molecules in living tissues, which has a high sensitivity and

specificity for the detection of bone marrow lesions in patients

with PCM, and, by measuring, apparent diffusion coefficient

(ADC) value can indirectly and quantitatively evaluate the

damage degree of bone marrow lesions (13). Due to the

infiltration and accumulation of malignant plasma cells to

replace normal bone marrow tissue, the extracellular space is

reduced, and the movement of water molecules is blocked,

resulting in a decrease in the ADC value of PCM lesions so

as to differentiate PCM from other benign lesions such as

hemangioma (14). The metabolism of PCM tissue is relatively

strong, and the glycolysis of normal tissue cells is significantly

lower than that of the lesion. Therefore, the lesion tissue will

take up a large amount of 18F-FDG, which shows a large

amount of radioactive concentration during PET/CT imaging

(15). Compared with CT and MRI, PET/CT can better display

the lesion volume and metabolic activity of patients with PCM,

and has higher sensitivity and specificity in the detection of

extramedullary infiltration of PCM (16–18). Moreover, PET/CT

also plays an important role in the efficacy evaluation after

treatment and prognosis of patients with PCM, and studies have

suggested that the metabolic activity of lesions, the volume of

high metabolic lesions, and extramedullary infiltration are all

related factors affecting the survival (19–21). In addition to FDG,
68ga-pentixafor, 11C-choline, and 11C-methionine were also

used as PET tracers in plasma cell myeloma detection studies

and showed a higher detection rate than FDG (22–24).

Spinal PCM should be differentiated from metastases,

vertebral tuberculosis, hemangioma, etc.Metastatic bone tumors

are more common in middle-aged and elderly people, and

usually have primary tumors, which are mostly osteolytic

destruction of the posterior vertebral body, with unclear

boundaries and irregular shapes, often involving the vertebral

arch and forming paravertebral soft tissue masses (25). Spinal

tuberculosis is mostly irregular osteolytic destruction, the

intervertebral space between the diseased vertebral bodies

narrows and disappears, the vertebral bodies are embedded in

each other, and paravertebral cold abscesses and bone bridge

formation may also appear. On MRI, the diseased vertebral

body usually shows an inhomogeneous low signal on T1WI and

a high signal on T2WI, and the paravertebral abscess shows

annular enhancement on an enhanced scan (26). The typical

CT manifestations of vertebral hemangioma are decreased

bone density of the affected vertebral body, with mesh or

honeycomb changes, and slight swelling and thinning of the

bone cortex. Two-dimensional reconstruction shows “fence-

like” or “honeycombing” of the affected vertebral body, and

the lesions may invade half or the entire vertebral body or

accessories, with occasional paravertebral or intraspinal soft

tissue masses, and non-contrast-enhanced scans; the tumor was

significantly enhanced due to the presence of more vascular

components (27, 28). Our patient showed “fence-like” low-

density bone destruction on CT, with obvious homogeneous

enhancement on enhanced MRI, and mild radioactive uptake

on PET/CT, which overlapped with the imaging features of

hemangioma and was misdiagnosed, which overlapped with the

imaging features of hemangioma and was misdiagnosed.

The main treatment of PCM includes anti-myeloma

drugs, bone-targeted drug therapy, local radiotherapy, and

chemotherapy, while surgery is usually not recommended for

patients with a definite diagnosis of PCM because the optimal

timing of chemoradiation may be missed (29). However, when

the tumor destroys the bone and causes a fracture, surgery

should be performed as soon as possible when the patient

has spinal cord compression with neurological symptoms, as

surgery can relieve the tumor’s compression on the spinal cord

and avoid further aggravation of spinal cord injury caused

by compression (30). At the same time, the development of

individualized diagnosis and treatment plans for PCM patients

with different conditions is helpful for the improvement of the

patient’s condition. The prognosis of patients with PCM is poor,

and the literature reports that the 2- and 3-year survival rates

of PCM patients with spinal cord involvement are 58 and 50%,

respectively (31). Our patient has been followed up for 2 years

without disease progression.

In conclusion, PCM of a single thoracic and lumbar

spine is rare, and its imaging manifestations can be simulated

as vertebral hemangioma, which should be used as one of

its differential diagnoses. Individualized treatment plans are

feasible for patients with vertebral PCM, especially those with

spinal cord compression. Local radiotherapy after surgical

resection of the lesion may improve the prognosis of single

thoracic and lumbar PCM.
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Case report: A rare case of
retroperitoneal kaposiform
hemangioendothelioma with
spinal involvement without
abnormal platelet count in
18F-FDG PET/CT
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Department of Nuclear Medicine, Peking University First Hospital, Beijing, China

Kaposiform hemangioendothelioma (KHE) is a rare vascular neoplasm that

mostly appears in infancy or early childhood. Most KHE occurred on

the limbs and trunk with cutaneous lesions. Approximately 12% of KHE

patients manifested as deep masses and spinal involvement is extremely rare.

KHE may develop into life-threatening thrombocytopenia and consumptive

coagulopathy, known as the Kasabach-Merritt phenomenon (KMP), especially

in patients with retroperitoneal involvement. The thrombocytopenia is usually

severe, with a median platelet count of 21 × 109/L at the initial presentation

of KMP. Here, firstly we described a case of a 13-month-old girl with KHE

who presented the movement limitation of the lower extremity caused by

spinal involvement with a normal platelet count. 18F-fluorodeoxyglucose-

positron emission tomography/CT (18F-FDG PET/CT) showed mildly elevated

metabolism in the lesion, suggesting a probably low-grade malignant tumor.

Then the patient was diagnosed with KHE by biopsy. After 6-month sirolimus

monotherapy, the size of the retroperitoneal lesion was reduced significantly

and the patient showed improvement in clinical symptoms. This case

demonstrated the advantage of 18F-FDG PET/CT in the evaluation of disease

activity in KHE and the possibility of using 18F-FDG PET/CT to guide therapy

and prognostication.

KEYWORDS

kaposiform hemangioendothelioma, kasabach-merritt phenomenon, spinal
involvement, sirolimus, PET/CT

Introduction

Kaposiform hemangioendothelioma (KHE) is a rare vascular neoplasm that mostly
appears in infancy or early childhood. The pathogenesis of KHE has not yet been
discovered (1). The main pathological features of KHE are dysregulation of angiogenesis
and lymphangiogenesis. The histologic hallmark of KHE is infiltrating, defined and
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confluent nodules of neoplastic spindled endothelial cells
involving multiple planes of tissue, and the clusters of spindled
tumor cells exhibit multiple slit-like vascular lumina, containing
red blood cells (2). KHE can be classified into superficial, mixed,
and deep lesions based on depth. Approximately 12% of KHE
patients manifested as deep masses (3). The manifestations
of KHE are variable, ranging from cutaneous lesions with
variable performance to deep masses without cutaneous signs.
KHE can be accompanied by a life-threatening complication
Kasabach-Merritt phenomenon (KMP), which is characterized
by thrombocytopenia, hypofibrinogenemia, and clotting factor
consumption (3). Intrathoracic and retroperitoneal lesions are
more likely to develop KMP because they are more expansive
and infiltrative.

There is very little published research on 18F-
fluorodeoxyglucose-positron emission tomography/CT
(18F-FDG PET/CT) in KHE. Herein we report a case of
retroperitoneal KHE with lower extremity mobility limitation
caused by spinal involvement without abnormal platelet count.
18F-FDG PET/CT scan helped to find the retroperitoneal
lesion with mildly elevated metabolism, which suggested low
disease activity.

Case description

A 13-month-old girl presented with lower extremity
mobility limitation for 10 months. Left lower extremity
weakness was first noted at 3 months of age, followed by pain
when the left leg was straightened or extended. In the suspicion
of bone disease, she underwent a non-contrast-enhanced CT
scan that showed a pelvic mass with the destruction of the
adjacent bone. Laboratory tests were normal and no obvious
skin lesions were observed. The patient was diagnosed with
immune thrombocytopenia at 7-month age, and the minimum
platelet count was 38 × 109/L. But her platelet counts
gradually return to normal without special treatment. The
patient performed bone puncture and flow cytometry to rule out
hematological diseases.

To assess the patient’s whole-body condition and
metabolically characterize the lesion, 18F-FDG PET/CT
examination was further performed. It revealed unevenly mildly
increased metabolic uptake within the already known mass in
the left retro-peritoneum. The boundary of the lesion is not
clear, with an approximate size of 3.3 cm × 2.5 cm and SUVmax
of 1.7 (Figures 1A,D). L4, L5, and left iliac bone showed mixed
lytic and sclerotic changes, SUVmax of 1.8 (Figures 1B,C,E,F).
Left psoas, iliopsoas, erector spinae, and gluteus medius were
enlarged when compared to contralateral side muscles, as also
evident at a subsequent contrast-enhanced CT scan. Contrast-
enhanced CT scan showed the ill-defined lesion (Figure 2A)
and rich blood vessels in the mass (Figure 2B). There were
no other abnormal CT features or 18F-FDG Uptake. Then the

patient underwent a fine-needle biopsy of the retroperitoneal
mass. Photomicrograph of the specimen showed there are many
irregular hemangioma-like tumor cell nodules in the lesion,
containing a large number of red blood cells (Figures 3A,B).
The tumor cells were positive for Vimentin, CD31 (Figure 3C),
CD34, ERG, SMA, and D2-40 (Figure 3D). Ki-67 staining
showed the proportion of the positive tumor cells was about 1–
2%. Upon pathologic examination with immunohistochemistry,
KHE was diagnosed.

Then, sirolimus.8 mg/day monotherapy was started. Blood
drug concentration and blood routine were monitored regularly.
After 3-month sirolimus monotherapy, abdominal ultrasound
suggested a reduction of the lesion. Meanwhile, the clinical
symptoms and signs were recovered soon. She can stand
for about 20 s. Blood drug concentration showed a mildly
low level (6.2 ng/ml), so the dose of sirolimus changed
to 1 mg/day. After 6-month sirolimus monotherapy, the
retroperitoneal mass was reduced by 80% (Figure 4) and
the clinical symptoms almost disappeared. The patient is still
receiving sirolimus monotherapy and regular follow-up. During
sirolimus treatment, there were no obvious adverse reactions
or abnormal laboratory tests. The patient’s platelet count has
remained at normal levels since treatment. There are no new
clinical signs and symptoms.

Discussion

Kaposiform hemangioendothelioma is a rare vascular
neoplasm that mostly appears in infancy or early childhood.
KHE is a kind of intermediate tumor type with locally
aggressive characteristics, which is characterized by
dysregulation of angiogenesis and lymphangiogenesis. KHE
may develop into life-threatening thrombocytopenia and
consumptive coagulopathy, known as KMP. Approximately
12% of KHE patients manifested as deep masses (3).
Intrathoracic and retroperitoneal lesions are more likely
to develop KMP because they are more expansive
and infiltrative.

Deep KHEs, especially visceral KHEs, are usually
undetectable, easily missed clinically, and generally
associated with high mortality. The co-existence of a
vascular mass with prominent thrombocytopenia and
coagulopathy, including hypofibrinogenemia, can make the
diagnosis of KHE relatively straightforward. In patients
with deep KHE without KMP, a definitive diagnosis
often depends on biopsy because of the non-specific and
vague symptoms. A definitive preoperative differential
diagnosis between deep KHE and a malignant tumor
(e.g., neuroblastoma or sarcoma) is also complex and
challenging in patients with spine involvement. Imaging
findings are significant for pre-treatment diagnosis, but a
combination of clinical features, laboratory, and pathological
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FIGURE 1

Axial CT (A–C) and fused PET/CT (D–F) images showed retroperitoneum mass with unevenly mildly increased metabolic uptake (A,D) and
mixed lytic and sclerotic changes of left iliac bone (B,E) and L5 (C,F). Adjacent bones also presented mildly increased metabolic uptake.

FIGURE 2

Contrast-enhanced CT scan, coronal view (A), and axial view (B), showed the ill-defined lesion of the retroperitoneum (A) (red arrow) and rich
blood vessels (B) (yellow arrow) in the mass.

assessments are essential for diagnosis. KHE should be
part of the differential diagnosis in an infant presenting
with purpura and unexplained profound thrombocytopenia
and coagulopathy.

In this case, 18F-FDG PET/CT has played an important
part. PET/CT showed a low metabolic activity within the
retroperitoneal mass, which greatly helped physicians rule out
a malignant tumor. After comprehensive consideration of the
patient’s PET/CT imaging and clinical findings, the patient
was given sirolimus monotherapy rather than combination
therapy. The good treatment response of the patient proved
this judgment was feasible. There are few reports about
18F-FDG PET/CT in KHE. Xu et al. (4) reported a 37-
year-old woman with KHE in the sacrum, who showed

intense 18F-FDG accumulation. Another KHE associated
with the lymphangiomatosis case involving mesentery and
ileum demonstrated mild 18F-FDG uptake in the lesion
(5). This may indicate that many factors, such as age at
disease onset, location, and disease activity can affect the
functional pattern of KHE in PET/CT. In addition, the
biopsy is frequently not possible or recommended in KHE
with severe KMP, so accurate non-invasive examination
becomes more important. PET/CT, which can reflect
both morphological and functional characteristics, may be
an ideal choice.

In this case, although the lesion was located in the
retroperitoneum, the patient did not display any symptoms
of KMP on admission: her platelet count was normal, and

Frontiers in Medicine 03 frontiersin.org

49

https://doi.org/10.3389/fmed.2022.946477
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/


fmed-09-946477 August 5, 2022 Time: 15:26 # 4

Qiu et al. 10.3389/fmed.2022.946477

FIGURE 3

Photomicrograph showed irregular spindle tumor cell nodules in the lesion, containing a large number of red blood cells (A) (HE, original
magnification × 10). Higher magnification showed a glomeruloid pattern of small central slit-like vessels (B) (HE, original magnification × 20).
Neoplastic cells are positive for CD31 (C) (original magnification × 10), and D2-40 (D) (original magnification × 10).

FIGURE 4

Ultrasound image showed a significant decreased (80%) volume of peritoneal mass before (A) and after 6-month Sirolimus monotherapy (B).

no obvious skin lesions were observed. The patient was
diagnosed with immune thrombocytopenia at 7-month age with
a minimum platelet count of 38 × 109/L, which is consistent
with previous research on KMP (3). According to her parent, her
face and legs used to appear petechial hemorrhages. The patient’s
platelet counts gradually return to a normal level without any
special treatment, and her skin lesions disappeared. We presume
that this patient has a long disease duration (probably from
birth) and her KHE lesion’s activity decreased compared with
the most active period. Imaging findings confirmed what we
thought. 18F-FDG PET/CT showed very mild uptake elevation
of the retroperitoneal lesion, suggestive of low disease activity.

In addition, sclerotic bone lesions and long-term symptoms
suggested a long disease course. The basic pathophysiology of
KMP is platelet trapping, activation, and consumption within
the abnormal vascular structure. With reduced disease activity,
the platelet count may return to a normal level but KHE lesions
seldom spontaneously regress (6). It was reported that the signs
and symptoms of congenital KHE with KMP may alleviate
spontaneously, but the lesions would rebound accompanying
severe KMP within the next few days or weeks (1). The incidence
of KMP in KHE with deep lesions is probably underestimated
because the platelet count may have returned to normal by the
time the lesion is discovered.
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The aggressive characteristics and destructive growth
patterns of KHE can cause functional limitations and
pain in joints and muscles, which may affect patients’
abilities to perform routine daily activities (7). KMP usually
causes acute pain at the tumor sites, and musculoskeletal
disorders are frequently found in cases involving the
extremities. Lesions in thoracic or retroperitoneal may
cause scoliosis (8). Early diagnosis and aggressive treatment
are important for these patients. Musculoskeletal disorders
may cause by tumor infiltration of the muscles, connective
tissues, and joint structures, which can lead to diffuse
muscle fibrosis and joint contracture (9). Another cause of
functional limitations or pain is local nerve compression.
Some studies suggested in most patients, the muscle
lesions were still present even after long-term treatment,
which is often inconsistent with stabilization of lesions
and/or hematological parameters (7, 10). In this case, 18F-
FDG PET/CT provided information about the glucose
metabolism and morphology of muscles. Around the tumor,
enlarged muscles and bone destruction were found with
slight FDG uptake. The width of psoas on the affected
side was 3.2 cm (SUVmax 1.4) whereas that on the
healthy side was only 1.8 cm (SUVmax 0.9), suggesting
the possibility of evasion of psoas and spine around the
tumor. After 6-month sirolimus treatment, the patient’s
symptoms in her left leg had a remarkable improvement
and almost disappeared. Thus, nerve compression may
be the main cause of her symptom. Low activity of
lesions and a rapidly shrinking mass correlated with
her good prognosis.

The treatment options for KHE are not standardized due
to the marked heterogeneity and rarity of KHE. Considering
the low platelet level in patients with KHE and the unclear
boundary of the lesion, surgical treatment is difficult. In 2013,
a consensus treatment statement for KHE was published (11),
but the recommendation is based on expert opinion rather
than rigorous clinical studies. Pharmacological treatments have
improved in recent years, possible options include vincristine,
corticosteroids, sirolimus, interferon-α, etc. (1). Notably, an
individualized treatment plan should be given to different
patients. Monotherapy is usually not recommended in patients
with KMP. In recent years, an increasing number of studies
have reported the application of mTOR inhibitors sirolimus
in KHE (12–14). It has shown good therapeutic results,
and sirolimus therapy also exhibited a high response rate
(94%) in patients who did not respond to corticosteroids
or vincristine (15). According to previous reports, short-
term prednisolone treatment plus sirolimus therapy was
superior to sirolimus monotherapy in improving the signs
and symptoms of active KHE with KMP (16). But for
patients with milder symptoms or less activity, monotherapy
may be sufficient. It may be the development direction
of KHE treatment that comprehensive consideration of

PET characteristics and clinical manifestations to develop a
personalized treatment plan.

Conclusion

In conclusion, this case shows a rare deep KHE
without an abnormal platelet count and with a
good response to sirolimus monotherapy. This case
demonstrated the advantage of 18F-FDG PET/CT in
the evaluation of disease activity in KHE and the
possibility of using 18F-FDG PET/CT to guide therapy and
prognostication.
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Kimura’s disease (KD) is a rare chronic granulomatous disease of unknown

etiology that mainly involves damage to lymph nodes, soft tissues, and

salivary glands. The clinical symptoms are mainly painless subcutaneous

soft tissue masses, often involving head and neck lymph nodes and salivary

glands, and are mainly characterized by diffuse eosinophilic infiltration,

lymphocyte, and vascular proliferation. There are few reports in the literature

that KD affects only inguinal lymph nodes. We report in this study a 41-

year-old male patient who presented to the hospital for medical help

with soft tissue masses in the groin. Magnetic resonance imaging (MRI)

showed multiple abnormal soft tissue nodules around the iliac vessels in

the left groin, and a contrast-enhanced scan showed obvious homogeneous

enhancement. Diffusion-weighted imaging showed limited movement of

water molecules and showed an obvious high signal. Fluoro18-labeled

deoxyglucose positron emission tomography/computed tomography (18F-

FDG PET/CT) was recommended for further evaluation of the patient’s

general condition, and the results showed that except for the radioactive

uptake in the lesions in the left groin region, no obvious abnormality

was found in the rest of the body. Based on these imaging findings,

the patient was first suspected to have malignant lesions, and then the

patient underwent histopathological examination, which was confirmed

to be KD. Our case study suggests that KD affects only the inguinal

lymph nodes is rare and should be considered as one of the imaging

differential diagnoses for lymphadenopathy such as lymphoma, metastases,

and Castleman’s disease.

KEYWORDS

Kimura’s disease, inguinal lymphadenopathy, PET/CT, magnetic resonance imaging,
flfluoro18-labeled deoxyglucose
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Case description

A 41-year-old man came to our hospital for medical help
because of the discovery of groin masses for over 1 month.
Physical examination revealed that two soft tissue nodules with
a length of about 1.0 cm were palpable in the left inguinal
region, which was tough in quality, with good mobility and no
obvious tenderness. No obvious positive signs were seen in other
parts of the body. The blood routine results revealed that the
eosinophil count was increased, with a value of 0.78 × 109/L,
and the rest leukocyte and platelet counts were all within
the normal reference value range. His immunoglobulin (Ig)
E level was slightly elevated, with a value of 204 IU/ml (the
reference value was less than 165 IU/ml), and IgG, IgM, and
IgA were all within the normal reference range. Magnetic
resonance imaging (MRI) was recommended for the nature
of these soft tissue masses, which showed isointensity with
muscle tissue on T1WI and T2WI (as shown in Figure 1).
Diffusion-weighted imaging (DWI) showed hyperintensity,
and a contrast-enhanced scan showed obvious homogeneous
enhancement, which was considered as an enlarged lymph
node, but the benign and malignant lesions could not be
determined. To further systematically evaluate the patient’s
whole-body condition, the patient underwent 18F-FDG PET/CT
examination (as shown in Figure 2), of which results showed
that there were multiple nodules with increased radioactivity
uptake of different sizes in the left inguinal region, with
maximum standard uptake value (SUVmax) ranging from 4.5
to 5.3, and no obvious abnormal radioactive uptake foci were
found in the rest of the body. The lesion was limited and
surgical resection was feasible for this patient, so he underwent
left groin mass excision under local anesthesia. Postoperative
pathological and immunohistochemical examination (as shown
in Figure 3) of the excised mass showed that it was an
eosinophilic lymphogranuloma, that is, Kimura’s disease (KD),
and the gene test result was wild type. Based on the established
KD diagnosis, the patient received additional oral prednisone
for 1 year postoperatively. The patient was followed up by
regular telephone calls for 3 years, and there was no sign of
recurrence.

Discussion

Kimura disease (KD), also known as eosinophilic
lymphogranulomatosis, is a rare benign chronic
lymphoproliferative disorder originating in the dermis,
subcutaneous tissue, and lymph nodes, which is more common
in Asian adult men (1, 2). KD often occurs in the head and
neck lymph nodes, easily involving the salivary glands, and
rarely occurs in the inguinal lymph nodes (3, 4). At present,
the etiology of KD is not clear, which may be related to

allergic reactions caused by candida albicans, parasites or
viruses, arthropod bite, endocrine disorders, autoimmune
diseases that change the regulatory T-cell immune response,
or induce IgE-induced type I hypersensitivity, resulting in the
release of eosinophils such as interleukin-4 and interleukin-5,
which eventually leads to the deposition of eosinophils in
the diseased tissue (5, 6). The disease lacks characteristic
clinical manifestations and usually presents as single or
multiple painless masses in the affected area, a few may
be accompanied by skin itching, and unilateral disease is
more common (7). The patient we present is a middle-aged
male with unilateral painless lymphadenopathy with elevated
eosinophils on laboratory tests, consistent with features of
KD, but our patient presented with only inguinal lymph node
involvement, which is rare.

Imaging examinations including CT, MRI, and PET/CT
play an important role in the localization and characterization
of KD. On CT, the swollen lymph nodes involved are
more uniform in density, and there are few low-density
cystic necrosis areas and high-density calcifications (3). One
study has divided KD into two types according to the CT
findings of the lesions, namely nodular type with clear edge
and uniform density and diffuse swelling type with unclear
edge and infiltration of surrounding subcutaneous fat (8).
The main manifestations of nodular type are homogeneous
isomuscular signal on T1WI, slightly high-to-high signal on
T2WI and DWI. Diffuse swelling type is mainly manifested
as inhomogeneous hypointense on T1WI with a relatively
blurred boundary of the lesion, and uneven iso-to-high signal
on T2WI, and contrast-enhanced scans show different degrees
of enhancement (4). Our patient presented as soft tissue masses
with well-defined borders and uniform density/signal, no cystic
necrosis or calcification, and contrast-enhanced scan showed
obvious uniform enhancement, consistent with nodular type
KD. There are currently few PET/CT studies on KD, and
a previous study (9) showed a SUVmax of 4.0–4.5 for KD
lesions, which are consistent with our patient (SUVmax of
4.5–5.3).

The location of the lymph nodes in the groin area is
superficial, and lymphadenopathy is one of the common
clinical signs, and the etiology includes infectious and tumorous
lesions. KD involving inguinal lymph nodes mainly needs to
be differentiated from lymphoma, lymph node tuberculosis,
metastases, and giant lymph node hyperplasia (Castleman
disease, CD). Lymphoma has a short course of disease, with
fever, weight loss in a short period of time, and other
cachexia, most of which are bilateral and multiregional. The
lymph nodes in the affected area often tend to fuse and
show mild to moderate homogeneous enhancement after
contrast enhancement (3, 10). 18F-FDG PET/CT has been
widely used in the diagnosis, staging, and evaluation of
the degree of malignancy of lymphoma. According to the
pathological nature of lymphoma, it can show different degrees
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FIGURE 1

Magnetic resonance imaging (MRI) showed abnormal soft tissue nodules around the iliac vessels in the left groin, T1WI sequence was isointense
with muscle tissue (A,a) white arrow levels the plane of the greater trochanter, black arrow levels the plane of the femoral head), and T2WI was
slightly hyperintense (B,b). Diffusion-weighted imaging showed obvious high signal (C,c), and contrast-enhanced scan showed obvious
homogeneous enhancement (D).

FIGURE 2

Fluoro18-labeled deoxyglucose positron emission tomography/computed tomography (18F-FDG PET/CT) of the patient, the maximum intensity
projection [MIP, (A)] showed multiple mild to moderate radioactive uptake foci in the left inguinal region (white arrow levels the plane of the
greater trochanter, black arrow levels the plane of the femoral head). The axial figures in the left inguinal region at the femoral head level
[(B) CT; (C) PET; (D) PET/CT fusion] and greater trochanter level [(E) CT; (F) PET; (G) PET/CT fusion] showed soft tissue nodules with radioactive
uptake, with SUVmax of 5.3 (black arrow) and 4.5 (white arrow), respectively.

of radioactive uptake. Based on our case and previous reports,
the radioactive uptake of KD is similar to that of indolent
lymphoma, making it difficult to differentiate (9, 11). Lymph
node tuberculosis often has clinical manifestations of low fever,
fatigue, night sweats, and increased erythrocyte sedimentation
rate, which is more common in young people, and more
secondary or associated with tuberculosis. MRI showed uneven
signals in the long T1 and T2 of the lesion lymph nodes,
and contrast-enhanced scan showed thick-walled annular
enhancement, easy adhesion and fusion, and a “multilocular
sign” with relative specificity (12). On 18F-FDG PET/CT
images, lymphatic tuberculosis often showed lymphadenopathy

with heterogeneous density, low-density necrosis, and/or high-
density calcification foci. Active lymphatic tuberculosis often
showed high radiation uptake, and the central necrotic area
showed radiation distribution defect (13). Inguinal lymph node
metastasis is one of the common metastatic routes of abdominal
and pelvic malignant tumors. It is characterized by enlarged
lymph nodes, uneven density or signal, which can be fused
into masses, and lymph nodes with cystic necrosis show
thin-walled heterogeneous enhancement on contrast-enhanced
scans (14). Lymph node metastases have similar biological
characteristics to primary tumors and the metabolic activity of
most malignant tumors is significantly increased, so lymph node
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FIGURE 3

Hematoxylin–eosin staining showed lymphocyte proliferation in the lesions with diffuse eosinophil infiltration [(A) 100 × magnification; (B)
400 × magnification arrows indicate eosinophilic microabscesses].

metastases show high uptake of 18 F-FDG. Furthermore, 18F-
FDG PET/CT imaging has high sensitivity and specificity for
the diagnosis of lymph node metastases, especially for small
lymph nodes with no obvious changes in size, shape, and
density (15). Castleman disease can occur in any site with
lymph nodes, and it is rare in the groin. MRI plain scan
showed that the lesions were isointense on T1WI, hyperintensity
on T2WI and DWI, relatively uniform in texture, rare in
necrosis, and uniform on T1WI-enhanced signal. In some cases,
obviously thickened and tortuous feeding vessels with flow
void signal were seen in or around the lesions, and radial or
fissure-like unenhanced areas may also occasionally be seen
within the lesion, which may be thickened hyalinized collagen
fibers (16). The metabolism of CD in 18F-FDG PET/CT was
slightly increased, and delayed imaging showed no significant
changes. If the SUVmax of the diseased lymph nodes were
increased, which indicated that the lesion was evolving and
might develop into lymphoma (17). Moreover, angiolymphoid
hyperplasia with eosinophilia (ALHE), hemangioma, etc., are
also one of the rare causes of inguinal lymphadenopathy.
ALHE is more common in young women, often presenting
as a single subcutaneous mass with clear edges, erythematous,
brittle skin, easy to bleed, eosinophils, and elevated serum
IgE are rare, and most of them are not accompanied by
lymphadenopathy, which can be differentiated from KD (18).
Hemangiomas are often seen with round phleboliths, which
are not difficult to differentiate. Our patient presented with
multiple enlarged lymph nodes confined to the left groin
with homogeneous density or signal, marked homogeneous
enhancement on contrast-enhanced scan, moderate uptake of
18F-FDG, which partially overlapped with the imaging findings
of CD and indolent lymphoma, combined with laboratory
findings of elevated eosinophil counts, making the diagnosis of
KD possible.

The diagnosis of KD still requires histopathological
examination, including extensive lymphoid follicle-like
structures are seen in the lesions, and a large number

of eosinophils infiltrate the lymphoid follicles and the
formation of eosinophilic microabscesses are the characteristic
manifestations of the diagnosis of this disease (7). The
treatment of KD currently mainly includes surgical resection,
glucocorticoid therapy, radiotherapy, and chemotherapy, which
is sensitive to glucocorticoid therapy and chemotherapy, but
it is prone to recurrence after drug withdrawal. A previous
study revealed that the combination of surgical resection and
postoperative radiotherapy can reduce the local recurrence
rate of KD (19). Our patient had a good prognosis after
combined glucocorticoid therapy after surgical resection of the
lesion, and no disease recurrence has been found in the 3-year
follow-up.

Conclusion

Kimura’s disease affects only the inguinal lymph nodes is
rare and should be considered as one of the imaging differential
diagnoses for lymphadenopathy such as lymphoma, metastases,
and Castleman’s disease. Combined glucocorticoid therapy after
surgical resection of the lesion can reduce local recurrence in
patients with KD.
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Dynamic FDG PET/CT on
bladder paraganglioma: A case
report

Makoto Taninokuchi Tomassoni1*†, Arrigo Cattabriga1†,

Caterina Gaudiano1, Federica Ciccarese1,

Beniamino Corcioni1, Lorenzo Bianchi2,3, Riccardo Schiavina2,3,

Eugenio Brunocilla2,3 and Rita Golfieri1

1Department of Radiology, IRCCS Azienda Ospedaliero Universitaria di Bologna, Bologna, Italy,
2Division of Urology, IRCCS, Azienda Ospedaliero Universitaria di Bologna, Bologna, Italy, 3University

of Bologna, Bologna, Italy

Paraganglioma (PGL) is characterized by equivocal clinical manifestations and

arriving to a suspicion might be challenging. Nevertheless, diagnostic imaging

and nuclearmedicine are a fundamental part of the diagnosis andmanagement

of this particular neuroendocrine tumor (NET). We herein report a rare case of

bladder paraganglioma with unusual onset and typical PET/CT characteristics

that led to its recognition.

KEYWORDS

bladder paraganglioma, bladder cancer, FDG PET/CT, nuclear medicine, radiology

Introduction

Bladder paraganglioma (BPG) is a neuroendocrine tumor originating from the

chromaffin tissue of the bladder wall, more specifically from the sympathetic nervous

system embedded in the muscle layer. Belonging to the category of extra-adrenal

pheochromocytoma, it accounts for 0.06% of all bladder tumors and 1% of overall

paragangliomas (1–3) and it’s therefore considered a very rare yet severe condition as

it could lead to hypertensive crisis during handling and mobilization (4).

More than one-third of BPGs are malignant and may be either non-functioning

or functioning, the latter usually presenting with micturitional attacks, consisting of a

variety of symptoms during urination, such as palpitations, headache, fainting and visual

disturbances. Nevertheless, almost 30% of patients affected by BPG do not present with

any specific symptoms. Consequently, medical imaging plays an important role in order

to achieve an early diagnosis (5–7).

Ultrasound (US), computed tomography (CT), and magnetic resonance imaging

(MRI) are important to identify, localize and morphologically describe the tumor. BPGs

are submucosal hypervascular lesions that in up to 40% of cases are located in the bladder

dome (8–10). Cystoscopy is substantially limited, mostly being able to exclude mucosal

involvement, typical of urothelial lesions, whilst biopsy is contraindicated since could

unleash a hypertensive episode in patients without the correct medical treatment (11).

Lastly, nuclear medicine studies are essential to evaluate the functional pattern

of the lesion and to exclude metastases. 123I-MIBG is a guanidine analog similar to
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noradrenaline that, when administered, is stored in the

adrenergic cells of paragangliomas that are equipped with

noradrenaline transporters and can be used in nuclear medicine

exams. On the other hand, BPGs express somatostatin receptors,

that bounds to 68Ga-DOTANOC, a somatostatin analog used in

nuclear medicine imaging (12, 13). 18F-FDOPA is an amino acid

analog that, once decarboxylated to 18F-dopamine, is stored in

secretory vesicles of PGL cells (14).

While both 123I-MIBG SPECT/CT and 68Ga-DOTANOC

PET/CT are routinely used for the diagnosis of NETs and,

in particular, paragangliomas, it has been demonstrated that
68Ga-DOTANOC PET/CT is superior to 123I-MIBG SPECT/CT

in providing valuable information for staging extra-adrenal

PGL (15). Therefore, 68Ga-DOTANOC PET/CT should be

considered as the first-line investigation study for nuclear

medicine diagnosis of PGLs (16).

Nevertheless, in not-specialized centers, this particular

radionuclide might not be available.

In this case, dynamic FDG PET/CT could be used in

addition to other clinical and imaging data in order to

FIGURE 1

CT scan acquired in arterial phase, after intravenous administration of iodinated contrast media. This image shows a highly vascular lesion within

the right wall of the bladder dome (yellow arrow). Some small feeding arteries are appreciable too. The bladder is empty due to urinary

catheterization via Foley catheter.

reach a correct diagnosis, as PGLs show a typical pattern

with early uptake of FDG and wash-out in the delayed 1-h

acquisition phase, taking into account the risk of false negative

results (17, 18).

We herein present the case of a patient affected by BPG

with non-specific symptoms that were further investigated with

radiological and nuclear medicine imaging.

Case report

A 59-years-old male with no pathological history presented

to the Emergency Room with 12-h acute urinary retention.

Laboratory tests were normal, except for a small reduction of red

blood cells (4.2million/ml), hematocrit (38.9%) and hemoglobin

13.5 g/dl.

After Foley catheter positioning, it was documented

significative hematuria with clots emission. The patient

was therefore admitted to the urology department of our

hospital and a CT Urography was performed, demonstrating
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FIGURE 2

MRI angiography, axial LAVA sequence acquired in arterial phase after administration of intravenous contrast media, with Maximum Intensity

Projection reformatting. This image depicts the highly vascularized lesion and its feeding vessels (blue arrow).

a significantly contrast-enhanced bladder nodule fed by

thin arterial vessels originating from both left and right

hypogastric arteries (Figure 1). It was concluded that

these findings were suggestive both of a neoplasm or a

vascular arteriovenous malformation. Consequently, further

examinations were needed.

The patient underwent abdominal Ultrasonography,

to determine whether the lesion was a solid neoplasm

(hyperechogenic) or a vascular formation (hypo-anechogenic).

The US documented a solid lesion protruding into the

bladder wall, characterized by an intense Color-Doppler

signal, suggestive of solid hyper-vascular neoplasm. On

the same day, a cystoscopy was performed, showing a

posterolateral voluminous protruding mass, without any

mucosal involvement; therefore, the appearance was not typical

for urothelial carcinoma.

The findings of CT-scan and US, showing a solid hyper-

vascular lesion of the bladder dome, suggested the suspicion of

BPG. The patient subsequently underwent MRI angiography,

that clearly depicted the lesion and its multiple afferent

feeding arteries, confirming the findings described on CT-scan

(Figure 2).

Nuclear medicine studies were thus performed to confirm

the suspicion and to decide the best therapeutical workflow.

PET/CT images where acquired with a field of view (FOV)

extended from the vertex to the roots of the lower limbs, the

slice thickness was 3.27mm. In particular, FDG PET showed

an early intense FDG uptake with a complete washout after

60min (Figures 3, 4). This radio-nuclear pattern, along with

the previous radiological findings, were consistent for Bladder

Paraganglioma. Additionally, FDG PET did not show any

further pathological radionuclide uptake.
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FIGURE 3

FDG PET/CT (image fusion technique) acquired in an early phase, 3min after administration of the 18FDG. The image shows intense uptake of

the 18FDG by the tumor (white arrow). The smaller high uptake spot on the left corresponds to physiological collection of urine within the ureter

(purple arrow).

To determine whether the described lesion was a

functioning or a non-functioning BPG, urinary and blood

metanephrines were evaluated, with values consistent for

non-functioning tumor.

After proper premedication with α-blockers

drugs, the patient underwent transurethral resection

(TURB) and pathological report confirmed the

clinical-radiological suspicion.

Four and twelve months follow up with CT scan and 1

year follow up with FDG PET/CT didn’t show any signs of

tumor relapse.

Discussion

Although bladder cancer is one of the most frequent

neoplasms, BPG accounts only for 0.06% of the totality of

bladder tumors (19, 20). Despite being very uncommon, BPG

must be included in the differential diagnosis, mostly because

its management should be different from that of urothelial

carcinoma, considering the high risk of hypertensive crisis

after biopsy and during surgical resection. Whilst cystoscopy

and urinary cytology are considered the main tools for

urothelial carcinoma identification diagnosis, radiology and

nuclear medicine are considered essential for telling BPG apart

(21, 22).

In this case, the patient presented with hematuria and

urinary retention, symptoms non-specific for BPG but more

suggestive for aggressive urothelial carcinoma. A preliminary

CT-scan with a delayed urographic phase suggested the presence

either of a vascularmalformation or a hypervascular solid tumor,

situated on the bladder dome, where 40% of PGLs are usually

found and could give a suspicion (8–10).

This clinical case shows three important elements to

consider during the diagnostical workflow in bladder cancer and

in particular BPGs.

First of all, the combination of radiological and nuclear

medicine imaging techniques with laboratory tests (urinary

metanephrines) led to the diagnosis of non-functioning

BPG, granting the patient the chance to avoid a radical

cystectomy while undergoing a curative, less invasive,

procedure (TURB).

Secondly, ultrasound confirms to be the most useful first-

level, cost-effective and non-invasive approach that can however

provide some extra-information integrating more complex,

second level, imaging techniques such as CT-scan and that might

therefore help to choose the following steps.

Lastly, while 68Ga-DOTANOC PET/CT is considered the

best nuclear medicine exam for the identification and diagnosis

of BPGs yet, many centers would not have the chance to

routinely perform this kind of exam. In this case dynamic FDG

PET-CT (by far more accessible and commonly performed)
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FIGURE 4

FDG PET/CT (image fusion technique) acquired in a late phase, 60min after administration of the 18FDG. The bladder lesion is characterized by

complete washout of the 18FDG, that collects in the urine, within the bladder (white arrow).

might integrate the radiological techniques and confirm the

suspicion of paraganglioma.

Conclusion

In the presented case, taking into account the impossibility

to perform 68Ga-DOTANOC PET/CT or 123I-MIBG

SPECT/CT, accurate interdisciplinary communication and

integration of radiological imaging with dynamic FDG PET/CT

ensured an early diagnosis and prompt treatment of urinary

bladder paraganglioma.

Data availability statement

The original contributions presented in the

study are included in the article/supplementary

material, further inquiries can be directed to the

corresponding author.

Author contributions

MTT and AC: data collection and drafting the article. CG:

conception of the work and critical revision of the article. FC,

BC, LB, RS, EB, and RG: final approval of the version to be

published. All authors contributed to the article and approved

the submitted version.

Funding

The work reported in this publication was funded by the

Italian Ministry of Health, RC-2022-2773395.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Frontiers inMedicine 05 frontiersin.org

62

https://doi.org/10.3389/fmed.2022.1002663
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Taninokuchi Tomassoni et al. 10.3389/fmed.2022.1002663

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

References

1. Zhai H, Ma X, Nie W, Li H, Peng C, Li X, et al. Paraganglioma of the urinary
bladder: a series of 22 cases in a single center. Clin Genitourin Cancer. (2017)
15:e765–71. doi: 10.1016/j.clgc.2017.03.010

2. Alanee S, Williamson SR, Gupta NS. A rare case of non-functioning bladder
paraganglioma treated with robotic assisted partial cystectomy. Urol Case Rep.
(2019) 26:100950. doi: 10.1016/j.eucr.2019.100950

3. Romano IJ, Gentile F, Lippolis A. Postmicturition syndrome: a neglected
syndrome dangerous for the bladder and the heart. J Am Soc Hypertens. (2018)
12:589–93. doi: 10.1016/j.jash.2018.06.008

4. Lazareth H, Cohen D, Vasiliu V, Tinel C, Martinez F, Grünfeld JP, et al.
Paraganglioma of the bladder in a kidney transplant recipient: a case report. Mol
Clin Oncol. (2017) 6:553–5. doi: 10.3892/mco.2017.1182

5. Boyer AC, Jafri SZ, Jafri SM, Amin MB. Neuroendocrine carcinoma of the
urinary bladder: a retrospective study of CT findings. Abdom Imaging. (2013)
38:870–6. doi: 10.1007/s00261-012-9971-6

6. Gkikas C, Ram M, Tsafrakidis P. Urinary bladder paraganglioma and
concomitant metastatic lung cancer. A case report. Urol Case Rep. (2016) 5:17–
9. doi: 10.1016/j.eucr.2015.12.002

7. Leestma JE, Price EB Jr. Paraganglioma of the urinary bladder.
Cancer. (1971) 28:1063–73. doi: 10.1002/1097-0142 1971 28:4&lt;1063::AID-
CNCR2820280433&gt;3.0.CO;2-R

8. Qin J, Zhou G, Chen X. Imaging manifestations of bladder paraganglioma.
Ann Palliat Med. (2020) 9:346–51. doi: 10.21037/apm.2020.03.09

9. Pahwa HS, Kumar A, Srivastava R, Rai A. Unsuspected pheochromocytoma
of the urinary bladder: reminder of an important clinical lesson. BMJ Case Rep.
(2012) 2012:bcr2012006377. doi: 10.1136/bcr-2012-006377

10. Kalliath L, Karthikeyan D, Ramakrishna B, Kripesh G, Chandran N. Non-
functional urinary bladder paraganglioma with negative Ga-DOTA-NOC PET/CT
uptake. Egypt J Radiol Nucl Med. (2021) 52:286. doi: 10.1186/s43055-021-00671-2

11. Rode J, Bentley A, Parkinson C. Paraganglial cells of urinary bladder
and prostate: potential diagnostic problem. J Clin Pathol. (1990) 43:13–
6. doi: 10.1136/jcp.43.1.13

12. Milardovic R, Corssmit EP, Stokkel M. Value of 123I-MIBG scintigraphy in
paraganglioma. Neuroendocrinology. (2010) 91:94–100. doi: 10.1159/000242499

13. Reubi JC, Waser B, Schaer JC, Laissue JA. Somatostatin receptor
sst1-sst5 expression in normal and neoplastic human tissues using receptor

autoradiography with subtype-selective ligands. Eur J Nucl Med. (2001) 28:836–
46. doi: 10.1007/s002590100541

14. Helali M, Moreau M, Le Fèvre C, Heimburger C, Bund C, Goichot
B, et al. 18F-FDOPA PET/CT combined with MRI for gross tumor volume
delineation in patients with skull base paraganglioma. Cancers (Basel). (2019)
11:54. doi: 10.3390/cancers11010054

15. Kroiss A, Shulkin BL, Uprimny C, Frech A, Gasser RW, Url C, et al. 68Ga-
DOTATOC PET/CT provides accurate tumour extent in patients with extraadrenal
paraganglioma compared to 123I-MIBG SPECT/CT. Eur J Nucl Med Mol Imaging.
(2015) 42:33–41. doi: 10.1007/s00259-014-2892-6

16. Singh D, Shukla J, Walia R, Vatsa R, Paul N, Chhabra A, et al.
Role of 68GaDOTANOC PET/computed tomography and 131IMIBG
scintigraphy in the management of patients with pheochromocytoma
and paraganglioma: a prospective study. Nucl Med Commun. (2020)
41:1047–59. doi: 10.1097/MNM.0000000000001251

17. Lewington V, Lambert B, Poetschger U, Sever ZB, Giammarile F, McEwan
AJB, et al. 123I-mIBG scintigraphy in neuroblastoma: development of a SIOPEN
semi-quantitative reporting, method by an international panel. Eur J Nucl MedMol
Imaging. (2017) 44:234–41. doi: 10.1007/s00259-016-3516-0

18. van Berkel A, Vriens D, Visser EP, Janssen MJR, Gotthardt M, Hermus
ARMM, et al. Metabolic subtyping of pheochromocytoma and paraganglioma by
18F-FDG pharmacokinetics using dynamic PET/CT scanning. J Nucl Med. (2019)
60:745–51. doi: 10.2967/jnumed.118.216796

19. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A,
et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. (2021)
71:209–49. doi: 10.3322/caac.21660

20. Xu DF, Chen M, Liu YS, Gao Y, Cui XG. Non-functional
paraganglioma of the urinary bladder: a case report. J Med Case Rep. (2010)
4:216. doi: 10.1186/1752-1947-4-216

21. Cicione A, Cantiello F, Damiano R. Cistectomia nel carcinoma
non muscolo invasivo della vescica: quando e come (rigida o flessibile)
[Cystoscopy in non-muscle-invasive bladder cancer: when and how (rigid
or flexible)]. Urologia. (2013) 80 Suppl 21:11–5. doi: 10.5301/RU.2013.
10858

22. Lenis AT, Lec PM, Chamie K, Mshs MD. Bladder cancer:
a review. JAMA. (2020) 324:1980–991. doi: 10.1001/jama.2020.
17598

Frontiers inMedicine 06 frontiersin.org

63

https://doi.org/10.3389/fmed.2022.1002663
https://doi.org/10.1016/j.clgc.2017.03.010
https://doi.org/10.1016/j.eucr.2019.100950
https://doi.org/10.1016/j.jash.2018.06.008
https://doi.org/10.3892/mco.2017.1182
https://doi.org/10.1007/s00261-012-9971-6
https://doi.org/10.1016/j.eucr.2015.12.002
https://doi.org/10.1002/1097-0142
https://doi.org/10.21037/apm.2020.03.09
https://doi.org/10.1136/bcr-2012-006377
https://doi.org/10.1186/s43055-021-00671-2
https://doi.org/10.1136/jcp.43.1.13
https://doi.org/10.1159/000242499
https://doi.org/10.1007/s002590100541
https://doi.org/10.3390/cancers11010054
https://doi.org/10.1007/s00259-014-2892-6
https://doi.org/10.1097/MNM.0000000000001251
https://doi.org/10.1007/s00259-016-3516-0
https://doi.org/10.2967/jnumed.118.216796
https://doi.org/10.3322/caac.21660
https://doi.org/10.1186/1752-1947-4-216
https://doi.org/10.5301/RU.2013.10858
https://doi.org/10.1001/jama.2020.17598
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


fmed-09-1024008 October 26, 2022 Time: 13:29 # 1

TYPE Case Report
PUBLISHED 01 November 2022
DOI 10.3389/fmed.2022.1024008

OPEN ACCESS

EDITED BY

Gaurav Malviya,
University of Glasgow, United Kingdom

REVIEWED BY

Guozhu Hou,
National Cancer Center, Cancer
Hospital, Chinese Academy of Medical
Sciences and Peking Union Medical
College, China
Pilar Paredes,
Hospital Clinic of Barcelona, Spain

*CORRESPONDENCE

Zhi-Jun Pei
pzjzml1980@taihehospital.com

SPECIALTY SECTION

This article was submitted to
Nuclear Medicine,
a section of the journal
Frontiers in Medicine

RECEIVED 20 August 2022
ACCEPTED 30 September 2022
PUBLISHED 01 November 2022

CITATION

Zeng D-B, Chang C, Liu X-S, Gao Y,
Wang Y-L and Pei Z-J (2022) Magnetic
resonance imaging
and 18F-fludeoxyglucose positron
emission tomography/computed
tomography findings of retroperitoneal
clear cell carcinoma with an unknown
primary site: A case report.
Front. Med. 9:1024008.
doi: 10.3389/fmed.2022.1024008

COPYRIGHT

© 2022 Zeng, Chang, Liu, Gao, Wang
and Pei. This is an open-access article
distributed under the terms of the
Creative Commons Attribution License
(CC BY). The use, distribution or
reproduction in other forums is
permitted, provided the original
author(s) and the copyright owner(s)
are credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does
not comply with these terms.

Magnetic resonance imaging
and 18F-fludeoxyglucose
positron emission
tomography/computed
tomography findings of
retroperitoneal clear cell
carcinoma with an unknown
primary site: A case report
Dao-Bing Zeng1, Chan Chang2, Xu-Sheng Liu1, Yan Gao1,
Ya-Lan Wang1 and Zhi-Jun Pei1*
1Department of Nuclear Medicine, Taihe Hospital, Hubei University of Medicine, Shiyan, China,
2Department of Respiratory and Critical Care Medicine, Taihe Hospital, Hubei University
of Medicine, Shiyan, China

Herein, we report a case of retroperitoneal clear cell carcinoma (RCCC)

with an unknown primary site that was confirmed via pathology. A 46-

year-old man presented with low-grade fever, hyperhidrosis, and nightly

fatigue that had occurred for the last 20 days. His weight had decreased

significantly within the past 2 months (approximately 12 kg). On abdominal

ultrasound, a mass was observed near the left renal hilum. In addition,

enhanced magnetic resonance imaging (MRI) of the abdomen revealed a

retroperitoneal nodular mass; however, no abnormalities in either kidney

or adrenal glands were observed. 18F-fludeoxyglucose positron emission

tomography/computed tomography (18F-FDG PET/CT) demonstrated an

intensely FDG-avid retroperitoneal mass, the maximum standardized uptake

value (SUVmax) was 19.6. On March 8, 2021, left retroperitoneal lesion

resection, retroperitoneal lymph node dissection, and double kidney

exploration were performed under general anesthesia. A post-operative

pathological examination revealed Poorly differentiated clear cell carcinoma

(left retroperitoneal) and metastatic lymph nodes. Immunohistochemical

findings showed that the tumor originated from the kidney. At 6-month

follow-up, reexamination of the patient revealed retroperitoneal lesion

recurrence; however, no abnormalities were observable via enhanced

computed tomography (CT) of both kidneys. To our knowledge, there have

been no previous reports of RCCC of unknown origin.

KEYWORDS

18F-FDG PET/CT, MRI, clear cell carcinoma, retroperitoneum, kidney, pathology
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Introduction

Approximately 80% of all primary renal cell carcinomas
are clear cell carcinomas, making them the most common
pathological type of renal cell carcinoma (1). Nonetheless,
reports of retroperitoneal clear cell carcinoma (RCCC) are
extremely rare. There have been no previous reports on this
subject in the literature. Herein, we report a case of RCCC that
was pathologically confirmed. Although immunohistochemistry
suggested the carcinoma was renal in origin, no obvious
abnormality was found via imaging or the surgical exploration
of both kidneys.

Manuscript formatting

Headings

Case presentation
A 46-year-old male who had experienced fever of unknown

cause for the past 20 days presented with fever at night,
night sweats, and a slight sense of fatigue. After sweating,
the patient’s body temperature returned to normal in
the morning. A routine blood examination at an external
hospital revealed elevated C-reactive protein and ESR levels
of 28.0 mg/L (normal value 0–10 mg/L) and 25.0 mm/h
(normal value 0–15 mm/h), respectively. Abdominal color
ultrasound and enhanced computed tomography (CT)
findings suggested retroperitoneal space-occupying lesions.
The patient had no known history of malignancy. After
admission, a magnetic resonance imaging (MRI) of the upper
abdomen was performed. MRI findings indicative of the
retroperitoneal mass were as follows (Figure 1). In addition,
MRI suggested that retroperitoneal mass may be a metastatic
tumor.

A whole body 18F-fludeoxyglucose positron emission
tomography/computed tomography (18F-FDG PET/CT)
(Figure 2) was performed to identify primary malignancy,
PET/CT images demonstrated a retroperitoneal soft tissue
density mass with Significantly increased FDG activity
(SUVmax: 19.6), and revealed a lymph node adjacent to the mass
with elevated FDG uptake (SUVmax: 7.9).18F-FDG PET/CT
did not detect potential tumors in other parts of the body.
After imaging, the patient underwent a percutaneous biopsy
guided by color ultrasound. A percutaneous retroperitoneal
mass biopsy revealed a poorly differentiated carcinoma with
immunohistochemical findings indicating it may have been
renal in origin. Four weeks later, left retroperitoneal lesion
resection, retroperitoneal lymph node dissection, and double
kidney exploration were performed under general anesthesia.
A post-operative pathological examination (Figure 3A)
indicated clear cell carcinoma (left retroperitoneal) and
metastatic lymph nodes. The following immunohistochemical

findings (Figure 3B) suggested the carcinoma was renal in
origin: Ki-67 (approximately 30% +), PAX8 (+), CK8 (+),
vimentin (+), and PLAP (weak +). No abnormalities were found
on imaging and intraoperative exploration of both kidneys
in this case. On 6-month follow-up, abdominal enhanced
CT revealed retroperitoneal lesion recurrence (Figure 4);
however, there remained no obvious abnormality in either
kidney.

Discussion

In this case, RCCC revealed extremely high FDG metabolic
activity, which may be related to its pathological grade. The
metabolic activity of FDG in renal clear cell carcinoma is
related to pathological grade (2). Takahashi et al. found that
highgrade clear cell renal cell carcinoma (ccRCC) showed
higher metabolism than low-grade ccRCC, and high-grade on
pathological nuclear grading was the most significant predictive
value of SUV (3). According to the histological subtypes
and the grade, high-grade ccRCC showed higher SUV than
normal kidney tissues; in contrast, low-grade ccRCC did not
show differences in the SUV when compared with normal
kidney tissues (3). To explore the potential parameters from
pre-operative 18F-FDG PET/CT that might associate with
the World Health Organization/the International Society of
Urological Pathology (WHO/ISUP) grade in ccRCC, Zhao
Y. et al. revealed metabolic parameters of primary tumor
SUVmax was significantly different between any two of
the four different WHO/ISUP grades, except those between
the WHO/ISUP grade 3 and grade 4. The optimal cutoff
values to predict high WHO/ISUP grade for SUVmax was
4.15 (4). WHO/ISUP system is a universal RCC grading
system. The higher the nuclear grading, the worse the tumor
differentiation, the higher the invasiveness, and the worse
the prognosis of patients. Therefore, the possible reason for
the high SUVmax value of this patient is related to the low
differentiation of the tumor.

Remarkably, In this case, no abnormalities were found in
either kidney via imaging or surgical exploration, findings that
are likely suggestive of retroperitoneal renal tumor metastasis.
Cancer of unknown primary site (CUPS) refers to primary
tumors that cannot be detected by clinical, imaging, endoscopic,
or other standard examination methods. CUPS accounting for
2.3–5% of all malignant tumors, of which nearly 80% can be
presumed to be primary tumors via immunohistochemistry,
molecular typing, genotype analysis, or other methods. In the
remaining 20% of tumors, the origin of primary tissue cannot be
determined (5, 6).

The pathogenesis of CUPS tumors is still unclear,
Currently, two hypotheses have been formulated to
describe their development. The first hypothesis states
that all tumors have primary foci; however, the primary
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FIGURE 1

Magnetic resonance imaging (MRI) findings. Low signal on T1WI and heterogeneously high signal on T2WI [(A,B), arrows], and high signal on
axial diffusion-weighted imaging [DWI, B600; (C), arrow] indicate the presence of a retroperitoneal mass. Axial early arterial and portal venous
post-contrast T1-weighted fat-suppressed imaging findings indicating a heterogeneously enhanced mass are shown [(D,E), arrows];
Retroperitoneal mass enhancement is more obvious in the delayed post-contrast T1-weighted fat-suppressed image [(F), arrow].

FIGURE 2

Whole body 18F-fludeoxyglucose positron emission tomography/computed tomography (18F-FDG PET/CT) as a screen for primary malignancy.
An axial computed tomography (CT) image demonstrating a retroperitoneal soft tissue density mass at the level of the left hilum is shown in (A)
(arrow). PET (B), fused PET/CT images (C), and a maximum intensity projection (MIP) image (G) revealing significantly increased FDG activity in
the left retroperitoneal mass (arrow) are shown. An axial CT image (D) reveals the presence of a lymph node adjacent to the mass (arrow), while
PET (E) and fused (F) images show significant uptake of FDG by the retroperitoneal lymph node.
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FIGURE 3

Pathological and immunohistochemical (IHC) findings. Post-operative pathological findings (A) reveal clear cell carcinoma (left
retroperitoneal),the large polygonal tumor cells with transparent cytoplasm are arranged in a nest like manner, and the stroma is rich in small
blood vessels. IHC findings (B):Pax8 immunohistochemical staining of tumor cells is positive, indicating its renal origin.

FIGURE 4

Abdominal enhanced computed tomography (CT) findings at 6-month follow-up. Axial images from non-enhanced CT (A) to CT enhanced in
arterial phase (B) and venous phase (C). Non-enhanced CT (A) reveals the presence of a soft tissue density nodule in the surgical area (left
para-abdominal aorta), CT enhanced in arterial phase (B) moderately enhanced nodules in the operative area, and decreased enhancement in
venous phase (C). No obvious abnormalities in either kidney are shown.

foci in CUPS tumors are too small or difficult to be
detectable via existing clinical methods. As disease
progresses or the accuracy of detection methods improves,
primary foci will be found. The other hypothesis suggests
that CUPS are a special type of tumors that exist
independently (without primary foci) but are biologically
similar (7).

Based on the clinical characteristics of CUPS tumors,
patients are often referred for symptoms and signs related
to metastases. To improve the diagnosis and evaluation of
the tumors, it is important to obtain clues indicative of their
primary tissue, therefore, it is necessary to comprehensively
evaluate the patient’s history, tumor markers, imaging findings,
and the tumor’s pathological type, immunohistochemistry, and
gene expression profile and so on. Most tumors with unknown
primary foci are adenocarcinomas (60%) and undifferentiated
carcinomas (30%), while squamous cell carcinomas and/or

transitional cell carcinomas (5–8%), neuroendocrine tumors
(2–4%) and sarcomas (about 1%) are relatively rare (7,
8). The most commonly observed metastatic tumors with
unknown primary foci are head and neck tumors, breast
cancer, prostate cancer, pancreatic and biliary system primary
tumors. The most common sites of metastasis include the
lymph nodes, bone, liver, and lung (8). No prior case of
RCCC with an unknown primary site has been reported
in the literature.

Large prospective clinical trials will be needed if we want
to obtain conclusive evidence needed to improve treatment
options for patients with tumors of unknown primary origin.
According to current diagnosis and treatment guidelines, if
a primary tumor can be reasonably presumed, the patient
should be treated according to the specifications formulated
for the presumed primary tumor, and the patient’s prognosis
comparable to that of those with the specific type of primary
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tumor (7, 9). If no presumption can be made, patient
prognosis varies and treatment includes empiric chemotherapy,
palliative chemotherapy, and other supportive care. With the
development of targeted therapy, successful cases of targeted
therapy selected according to the molecular classification
of tumors with unknown primary foci have been reported;
however, no large-scale cohort study assessing the effectiveness
of targeted therapy has reached a definitive conclusion (10–
14). Immune checkpoint inhibitors have also been used to treat
tumors of unknown primary origin, but only a subset of patients
who have tumors with specific biological markers benefit from
immunotherapy (15).

The diagnosis of occult tumors and those with an unknown
clinical primary site comes with difficulties and challenges.
Therefore, it is crucial to carefully read the film, take each
patient’s history, obtain comprehensive laboratory results,
and perform imaging and pathological examinations when
evaluating such patients. PET/CT facilitates the whole-body
assessment of patients. Some primary tumors may remain
undetectable by PET/CT, but to transfer mode, scope, metabolic
activity for overall evaluation, guiding the follow-up treatment
measures, which have important significance, is also the
primary focal unknown tumors guidelines recommended by the
important assessment tool.
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Retroperitoneal alveolar
rhabdomyosarcoma intruding
into spinal canal: A case report
and literature review

Yongbai Zhang1†, Wenpeng Huang1†, Liming Li2,

Yongkang Qiu1, Hao Jiao1, Zhao Chen1, Qi Yang1, Lele Song1

and Lei Kang1*

1Department of Nuclear Medicine, Peking University First Hospital, Beijing, China, 2Department of

Radiology, The First A�liated Hospital of Zhengzhou University, Zhengzhou, China

Background: Rhabdomyosarcoma (RMS) is the most frequent soft sarcoma in

children and adolescents. Alveolar rhabdomyosarcoma (ARMS) is a relatively

rare subtype that is characterized by aggressive behavior and an unsatisfactory

prognosis. An ARMS can arise anywhere but most commonly occurs at

extremity sites with a very small fraction in the retroperitoneum. The utility

of 2-Deoxy-2-[fluorine-18]-fluoro-D-glucose (18F-FDG) positron emission

tomography combined with computed tomography (PET/CT) remains to be

established in ARMS.

Case Report: A 3-year-old female child was accidentally found with a large

left upper abdominal mass for a day. CT examination indicated a huge soft

tissue mass in the left retroperitoneum extending superiorly to the level of

the left hilus renalis and inferiorly to the left acetabulum in the pelvic cavity,

with intrusion into the lumbar foramens. 18F-FDG PET/CT found a mass

in the left retroperitoneum from the level of T12 to the left acetabulum,

with the maximum standardized uptake value (SUVmax) of about 7.0, and

a CT value of about 39 HU, invading the left L3-5 intervertebral foramina

and protruding into the spinal canal, with unclear boundary with the spinal

cord. Retroperitoneal tumor resection and the repair operation of vascular

exploration were performed. An ARMSwas confirmed by postoperative biopsy,

immunohistochemical staining, and genetic detection with the rupture of the

fork head in rhabdomyosarcoma (FKHR). The patient received chemotherapy

and was in a good condition with no recurrence and obvious complications.

Conclusion: Retroperitoneal ARMS is rare and indicates a poor outcome

with the potential to involve vital organs and intrude into the spinal canal.

Accurate diagnosis and staging using PET/CT would contribute to better risk

stratifications and appropriate treatment individually.

KEYWORDS

alveolar rhabdomyosarcoma, 18F-FDG, PET/CT, retroperitoneum, spinal canal

intrusion, case report
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Introduction

Rhabdomyosarcoma (RMS), which is derived from

primary mesenchymal cells that differentiate into

skeletal muscle, is a type of high-grade rare malignant

tumor with an incidence of 4.6 cases per million

(1, 2). RMS is usually classified into four histologic

subtypes: embryonal rhabdomyosarcoma (ERMS), alveolar

rhabdomyosarcoma (ARMS), pleomorphic rhabdomyosarcoma,

and sclerosing/spindle cell rhabdomyosarcoma (3). An ARMS

is a relatively rare subcategory with a prevalence of about

20–25% of all RMS, compared with ERMS of 50–60% (4). It

is more aggressive and has a more unsatisfactory prognosis

than other subtypes (5). The ARMS most commonly occurs

at extremity sites and sometimes in the head and/or neck

or torso, while ERMS typically occurs in the head and neck

(6). However, retroperitoneal ARMS is extremely rare and

has poor outcomes accompanied by the large tumor volume

and frequent involvement of vital organs, leading to difficult

resection when it is diagnosed (7). Due to the specific anatomical

location, retroperitoneal, especially paraspinal, ARMS shows

the potential to infiltrate the vertebrae and protrude into the

spinal canal (8, 9).

2-Deoxy-2-[fluorine-18]-fluoro-D-glucose (18F-FDG)

positron emission tomography combined with computed

tomography (PET/CT) is an imaging technology illustrating

detailed metabolic and functional molecular information and

the precise anatomical region of the lesion (10). It is used

in evaluating different tumors and represents an extremely

promising investigation method for the diagnosis, staging, and

prognosis of rhabdomyosarcoma. Herein, we described a rare

case with retroperitoneal ARMS invading the intervertebral

foramen and intruding into the spinal canal, and we reviewed

the available literature on retroperitoneal ARMS.

Case presentation

A 3-year-old female was accidentally found with a large left

upper abdominal mass for a day. By physical examination, a

smooth, hard, painless, and firm mass of about 14 cm in the left

upper abdomen was found. Laboratory test showed increased

fibrinogen of 4.08 g/L (reference range 2–4 g/L), neuron-specific

enolase (NSE) of 79.90 ng/mL (reference range 15.6–17 ng/mL),

and tumor abnormal protein (TAP) of 135.60 (reference range

1–121). An ultrasound showed a solid mass of about 13.8 ×

10.4 cm in the left upper abdomen, with an unclear boundary

with the left kidney. Blood flow signal could be observed using

the color doppler flow imaging (CDFI) technique (Figure 1).

Contrast-enhanced CT examination indicated a huge soft

tissue mass, measuring 12.3× 7.4 cm at the larger section, in the

left retroperitoneum extending superiorly to the level of the left

hilus renalis and inferiorly to the left acetabulum in the pelvic

cavity, with intrusion into the lumbar foramens, compression

and squeezing of the left kidney and left abdominal bowel, local

compression and stenosis of the inferior vena cava, and the

abdominal aorta was displaced to the right side by compression

(Figure 2). The tissue mass showed mottling calcification, cystic

degeneration, and necrosis. The patient was injected with 0.1

mCi/kg of 18F-FDG after 6 h of fasting, and PET/CT images were

acquired 60min later. The tissue mass with a high FDG uptake

was found using 18F-FDG PET/CT in the left retroperitoneum

from the level of T12 to the left acetabulum, with the maximum

standardized uptake value (SUVmax) of about 7.0 and a CT value

of about 39 HU. The tumor invaded the left L3-5 intervertebral

foramina and protruded into the spinal canal, with an unclear

boundary with the spinal cord (Figure 3). The abdominal cavity

and retroperitoneum showed enlarged lymph nodes, with a

SUVmax of about 6.4 and the largest size of about 2.0 × 3.0 cm.

No obvious abnormal FDG uptake was observed in the lung

and bone.

Retroperitoneal tumor resection and vascular repairing

operation were performed 10 days after admission. The tumor

was found to extend superiorly to the left hilus renalis,

rightwards to cross the spine, and inferiorly to the level of

the internal inguinal ring. It surrounded the abdominal aorta,

the left iliac vessel, and the inferior vena cava, while locally

infiltrating and growing in the inferior vena cava. After vessel

clamping, the inferior vena cava segment invaded by the tumor

was resected. Since the patient’s family refused artificial vascular

replacement, the inferior vena cava, at the level of the left and

right iliac artery branches, and the left and right iliac veins

were ligated. Histological results showed small round malignant

cell with characteristic alveolar structures (Figures 4A,B).

Immunohistochemical staining revealed myogenin (+), LCA

(–), EMA (–), AE1/AE3 (–), Syn + (partly), NSE (–), CD99

(–), Fli-1 (–), Ki-67 (+60%), PAX-8 (+), CD56 (+), CgA

(foci+), Desmin (+), Myo D1 (+), WT-1 (+), PD-1, S-

100 (–), and PAX-5 (+). Fluorescence in situ hybridization

revealed fork head in rhabdomyosarcoma (FKHR) rupture

(Figure 4C). The final diagnosis was confirmed as ARMS

with TNM stage 3 and IRS stage III, and the level of

risk was high. Then, the patient received chemotherapy

comprising vincristine, dactinomycin, and cyclophosphamide

(VAC therapy) with supportive treatments to alleviate adverse

reactions to chemotherapy. A combination of vincristine and

irinotecan (VI) was administered 1 month later, and VAC

was repeated 2 months later. The patient has survived for

9 months since the initial diagnosis with no recurrence and

obvious complications.

Discussion

Rhabdomyosarcoma is the most common extracranial solid

tumor in the pediatric population after neuroblastoma and
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FIGURE 1

Ultrasound images of retroperitoneal alveolar rhabdomyosarcoma (ARMS). (A) A heterogeneous hypoechoic area of about 13.8 × 10.4 cm in the

left upper abdomen, with an unclear boundary with the left kidney. (B) Blood flow signal observed using color doppler flow imaging (CDFI).

FIGURE 2

Enhanced computed tomography (CT) images of retroperitoneal ARMS. (A) A plain image with a CT attenuation value of about 47 HU; mottling

calcification existing within the mass; (B) Arterial phase image with a CT attenuation value of about 50 HU; the mass supplied by branches of

superior and inferior mesenteric arteries and areas of cystic degeneration and necrosis without enhancement existing within the mass; (C–F)

venous phase image with a CT attenuation value of about 65 HU. Left renal vein reflux could be observed in the mass. The mass invaded the

lumbar intervertebral foramen and compressed the left kidney, left abdominal bowel, and the inferior vena cava, and the abdominal aorta was

also compressed and displaced to the right. The arrow illustrates the involvement of the inferior vena cava.

Wilms tumor (8). A total of 63% of RMS occur in children under

10 years old, and the incidence rate reaches the peak between 2

and 5 years old (11). ARMS is a relatively rare subtype with a

poor prognosis, of which the estimated 10-year overall survival

(OS) rate is 29.4% compared with 52.1% in the nonalveolar

type (12). The retroperitoneum is not the typical primary site of

RMS, with∼8% of the incidence of all sites (13). Approximately,

20% of the patients present with distant metastatic disease at

diagnosis, and lung, bone, and bone marrow are the commonly

involved sites (6, 14).

We searched the literature in the PubMed database

from 1997 to 2022 using the keywords containing alveolar

rhabdomyosarcoma and retroperitoneal. In total, 5 available case

reports were found. We summarize the case reports in Table 1

(7, 8, 15–17). Of these cases, male children seem to be the more

vulnerable group, which is consistent with overall incidence
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FIGURE 3

2-Deoxy-2-[fluorine-18]-fluoro-D-glucose (18F-FDG) positron emission tomography combined with computed tomography (PET/CT) images

of retroperitoneal ARMS. (A) The whole-body maximum density projection showing hypermetabolic areas in the left retroperitoneum; (B) The

axial images showing the concentrated distribution of radioactivity in soft tissue mass, with maximum standardized uptake value (SUVmax) of

about 7.0, the maximum layer of 8.8 × 10.3 cm, and a CT value of about 39 HU; (C) The axial images showing invasion of the left L3-5

intervertebral foramen and protrusion into the spinal canal, with unclear boundary with the spinal cord (short arrows); (D) The axial images

showing the involved retroperitoneal lymph nodes (dash arrows); (E) The coronal image showing the lesion extending from the level T12 to the

left acetabulum.

FIGURE 4

Histopathological results. (A) Tumor cells were round or oval with hyperchromatic nuclei and nuclear fission (HE staining); (B) Cells forming

patterns resembling pulmonary alveoli, and fibrous vascular tissue between the alveoli (HE stain) [magnification (A,B) ×100]; (C) The fork head in

rhabdomyosarcoma (FKHR) gene rupture was positive (fluorescence in situ hybridization) [magnification ×1000].

(male:female ratio of 1.51, 95% confidence interval (CI): 1.27–

1.80) (18). Clinical symptoms are variable, depending on the

size and location of the retroperitoneal mass and the presence

or absence of distant metastases. The tumor squeezing certain

organs can cause relevant performance, and the huge mass often

invades vital organs such as the kidneys, aorta, inferior vena

cava, and bilateral iliac vessels. However, patients can sometimes

present with a mass and no notable symptom similar to the

case we described here, causing a delay in diagnosis. It should

be noticed that retroperitoneal ARMS appeared to have the

potential to infiltrate the vertebrae and extend into the spinal

canal. This could provide opportunities for tumors to invade the

intervertebral foramen and spread to the spinal cord and even

the brain as reported in the case study 2 (8). Thus, it argues for

more attention on the careful and precise detection of the tumor

intruding into the spinal canal and metastatic to the central

nervous system.

Alveolar rhabdomyosarcoma recurrently, of ∼80%, harbors

chromosomal translocations including a t(2;13)(q35;q14) or

a t(1;13)(p36;q14), which can generate fusion genes PAX3-

and PAX7-FOXO1 respectively. And proteins produced by

these fusion genes can function as oncoproteins promoting the

proliferation and apoptosis of tumor cells (6, 19). The diagnosis

of ARMS requires histology and molecular pathology studies of
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TABLE 1 Characteristics of patients with retroperitoneal alveolar rhabdomyosarcoma (ARMS) in the literature review.

Case Authors Patient

sex

Age Primary sites Clinical symptom Local invasion Distant metastatic Image methods Management Prognosis

1 Ito et al. (7) M 11 years Retroperitoneum Back pain Adventitia of the aortic

wall

None MRI Surgery+ chemotherapy

+ radiotherapy

Alive at 12 month

2 Kline et al. (8) M 14 months Right

retroperitoneum

Mass and irritability Spinal canal Bone marrow, lung and

leptomeningeal

metastatic

CT, MRI Surgery+ chemotherapy Died after 2 month

3 Mariko Kinoshita

et al. (17)

M 3 years Retroperitoneum Abdominal distention

and constipation

Pleural space Liver and multiple

lymph nodes

18F-FDG PET/CT Chemotherapy+

radiotherapy

Alive at 22 month

4 Lugen Chen et al.

(15)

M 13 years Right

retroperitoneum

Skin rash, petechiae, and

ecchymoses over lower

extremities and

abdominal pain

– Lymph nodes and bone

marrow metastatic

CT Chemotherapy Alive at 8 month

5 Michiyuki

Hakozaki et al. (16)

M 10 years Left reniportal-

retroperitoneal,

groin and left

gluteus maximus

Pain in the left buttock – Diffuse bone metastatic CT Surgery+ chemotherapy

+ radiotherapy+

peripheral blood stem

cell transplantation

Died after 21 month

MRI, magnetic resonance imaging; —, No details in the report.
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the tumor tissue (6). ARMS is typically composed of densely

packed, small, and round cells aggregating in areas at the edges

of fibrous septa forming structures such as pulmonary alveoli (1,

20). Immunohistochemical markers include myogenic markers

such as MyoD (myf3) or myogenin (myf4), myosin, myoglobin,

muscle-specific actin, or desmin (21).

Medical imaging provides noninvasive methods which are

essential for the evaluation of patients with ARMS. The

sonographic feature of ARMS is substantive hypoechoic or

complex-echoic mass. CDFI shows rich and disorderly color

blood flow signals within the mass. It often appears as an

equal or a slightly low-density mass in plain CT, with unclear

borders. The tumors usually grow rapidly, and necrosis, as

well as cystic degeneration, can be seen in the lesions as a

result of the insufficient blood supply. Enhanced CT scan

shows heterogeneous enhancement and sometimes rim-like

enhancement. Areas without enhancement are tissues with

necrosis and cystic degeneration. Hemorrhage and calcification

occur rarely, but mottling calcification was observed in this

case. Moreover, CT can detect adjacent bone involvement but

ARMS frequently destroy the bone. PET/CT reveals increased

glucose metabolism of ARMS. As an advanced technology,

PET/CT could provide more information about the lesions than

conventional imaging detection methods. 18F-FDG PET/CT

imaging is useful for initial assessment, monitoring treatment

response, and detection of recurrences with better accuracy for

identifying primary sites, lymphatic involvement, and distant

metastases (22, 23). Local lymph node metastasis has been

considered a strong prognostic factor, calling for an emphasis

on desirable detection modalities of lymphatic involvement

(24). Compared with conventional imaging techniques, such

as ultrasound, CT, and magnetic resonance imaging (MRI),

PET/CT performs better in detecting lymph nodal metastasis

with higher sensitivity and specificity (25). 18F-FDG PET/CT

can estimate the function and nature of nodes through the level

of glucose metabolism in tissues and can help with accurate

localization of the involved lymph nodes. In a prospective

study by Völker et al. (25), the detection of involved lymph

nodes using 18F-FDG PET/CT reached a sensitivity of 93%,

whereas conventional imaging modalities were only 36%. Ricard

et al. (26) reported that 18F-FDG PET/CT found 19 involved

lymph nodes in 4 patients vs. 12 nodes by MRI and CT,

and therefore, the results of PET/CT led to alteration of

the lymph node staging and treatment strategies in some

patients. Our case also observed similar advantages of PET/CT

for discovering retroperitoneal lymphatic metastases, whereas

negative in ultrasound and CT tests. The more accurate

staging of regional lymph node involvement will benefit risk

stratification and treatment decisions in patients with RMS.

PET/CT also shows some potential superiorities in finding

tumor invasion into the spinal canal. When evaluating the

spinal canal involvement, all background tissues, including

paraspinal musculature, vertebrae, spinal cord, nerve roots,

and CSF, demonstrate relatively low metabolic activity using
18F-FDG PET/CT, thus making it possible for differentiation

between normal tissues and lesions (27, 28). PET/CT allows

for the identification of soft-tissue involvement such as neural

foramen invasion and epidural extension of tumor in malignant

involvement of the spine (29). However, PET/CT is inferior to

MRI when used to detect spinal cord involvement. In recent

years, the integrated PET and MR (PET/MR) imaging modality

has been rapidly developed with the combined superiorities of

quantification of radioactive tracer metabolism provided by PET

and outstanding soft tissue contrast by MR (30). The value of

PET/MR in clinical applications remains to be established, and

we hope this innovative technology will provide more accurate

diagnosis and ultimately improve patient prognosis. In addition,

a study illustrated that metabolic parameters obtained from

baseline PET/CT were potential to select patients sensitive to

treatment (31). Features of patients including unfavorable sites

of the primary tumor, older patient age at initial presentation,

the alveolar subtype, and regional lymph node involvement

are considered to be poor prognostic factors for RMS (5, 32).

Unfavorable sites include the prostate and bladder, cranial

parameningeal sites, extremities, trunk, retroperitoneum, and

other sites (13). Moreover, 18F-FDG PET/CT may be an added

prognostic predictor in RMS. High SUVmax value is more

prevalent among patients with less favorable features including

unfavorable primary sites, alveolar pathology, and high-risk

group (33). A study found that during diagnosis, patients with

SUVmax of<9 had an improved 3-year progression-free survival

(62% of patients with SUVmax of <9 vs. 39% of patients with

SUVmax of≥9, p= 0.02) (34). In our case study, the SUVmax of

7.0 might be associated with the patient’s favorable prognosis.

Retroperitoneal ARMS should be differentiated from

neuroblastoma. Neuroblastoma is the most common

extracranial solid tumor in the pediatric population and almost

70% of the patients have abdominal neuroblastoma (35, 36).

Furthermore, neuroblastoma may arise from paraganglia and

is likely to protrude into the spinal canal through the neural

foramina. In addition to symptoms caused by the abdominal

mass such as abdominal pain and fullness, patients usually

present with elevated levels of vanillylmandelic acid (VMA) and

homovanillic acid (HVA). The characteristic PET/CT findings

of neuroblastoma in children include large size, mixed density

with calcification, necrosis, and cystic degeneration, which

specifically show peripheral hypermetabolic areas and central

hypometabolic areas in the tumor, indicating central necrotic

and cystic lesions. PET/CT is superior at revealing lymph

nodes and distant organ metastases, which can provide an

objective imaging basis for preoperative diagnosis and accurate

staging of neuroblastoma in children, over conventional

imaging. Calcification could be seen in almost 90% of cases,

appearing as sandy, spotted, and mass shapes, which is a

characteristic manifestation of neuroblastoma (37). 123I-

Metaiodobenzylguanidine (MIBG) plays an important role in
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the diagnosis of neuroblastoma with an accumulation of MIBG

in the lesions (38). However, the limited sensitivity of 123I-

MIBG needs to be improved. A prospective study by Piccardo

et al. demonstrated that 18F-3,4-dihydroxyphenylalanine (18F-

DOPA) PET/CT is more sensitive in detecting primary tumors,

soft tissue metastases, and bone and bone marrow metastases

than 123I-MIBG (39). The diagnosis of neuroblastoma should

be confirmed by biopsy. In this case, the diagnosis of ARMS

was not definite until the results of postoperative histology

distinguished it from neuroblastoma.

Overall, the cure rate of RMS could be increased with the

improvements in risk stratifications and multimodal treatment

including surgery, chemotherapy, and radiotherapy (40, 41). As

for retroperitoneal RMS, surgery, especially radical resection, is

the principal choice, with a longer median OS than palliative

surgery and conservative treatment (18 vs. 6 months) (9).

Conclusion

Retroperitoneal ARMS is relatively rare and characterized

by its unfavorable outcome with the potential to involve

vital organs and intrude into the spinal canal, and even

spread to CNS. It should be noted that the retroperitoneal

mass may be misdiagnosed as neuroblastoma and a biopsy is

necessary for the final diagnosis. Accurate staging using PET/CT

would contribute to better risk stratifications and appropriate

treatment individually.
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