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Introduction

The use of dual energy and Spectral Computed Tomography

Abstract

We present a case of a patient in his seventies who experienced
recurrent pericardial effusion and exertional dyspnea, initially at-
tributed to an episode of pericarditis. Further investigation revealed
marked and diffuse thickening of the right atrial walls, raising suspicion
of cardiac mass. Spectral CT (SCT) coronary angiography with delayed
phase, cardiac magnetic resonance, *FDG-PET (Positron Emission To-
mography) and histopathological analyses were performed. The find-
ings were consistent with atrial pseudotumor from Erdheim-Chester
disease (ECD), a rare non-Langerhans cell histiocytosis. This case high-
lights the added value of SCT and spectral reconstructions in character-
izing cardiac masses and the importance of integrating SCT into diag-
nostic and therapeutic pathways.
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fibrosis, edema, or deposition of foreign extracellular materi-
als [3]. “Z effective” (effective atomic number) images allow
tissue characterization based on effective atomic number [4].

(SCT) imaging for lesion characterization has been extensively
reported in the literature, particularly for extracardiac regions
[1]. Thanks to material decomposition reconstructions SCT pro-
vides valuable information about lesions’ vascularity through
“lodine-no-Water” and “lodine Map” images applied to the
early-phase acquisition [2]. When these reconstructions are
applied to the late-phase acquisitions, they reveal Late lodine
Enhancement (LIE) within the tissues, indicating expansion of
the extracellular volume due to cellular or interstitial damage,

This case report emphasizes the utility of “dual-layer” SCT with
spectral analysis for characterizing cardiac masses by compar-
ing them with Cardiac Magnetic Resonance (CMR), currently
considered the reference standard. Integrating SCT into diag-
nostic and therapeutic pathways can complement CMR, assist-
ing in determining the most appropriate approach for individual
patients and optimizing diagnostic and therapeutic strategies
tailored to their specific needs.
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Case report

We present the case of a patient in his seventies admitted
to our center due to recurrent pericardial effusion associated
with exertional dyspnea, previously attributed to an episode
of pericarditis and treated with medical therapy. Past medical
history includes systemic arterial hypertension, obesity (BMI 30
kg/m?), and former smoking habit. Transthoracic echocardio-
gram highlighted mild pericardial effusion and poor visualiza-
tion of the right atrial walls with a doubtful image suggestive
of either thickening of the right atrial walls or signs of organiza-
tion of pericardial effusion. Normal biventricular size and func-
tion, with minimal mitral regurgitation were noted (Figure 1).
An ECG-gated contrast-enhanced coronary Computed Tomog-
raphy (CT) angiography with late-phase acquisition for Late lo-
dine Enhancement (LIE) was performed using a spectral dual-
layer CT scanner (SCT). The scan revealed marked and diffuse
thickening of the right atrial walls, (maximum thickness 3 cm)
extending to the orifices of both the superior and inferior ve-
nae cavae. Solid tissue of inhomogeneous density, due to core
adipose components, was observed, demonstrating moderate
contrast enhancement (Figure 2, Panel A). The spectral analysis
revealed that the solid lesion appeared hypodense on “lodine
Map” and “lodine-no-Water” images due to poor vascularity
(Figure 2, Panel B,C), with a lower atomic number compared
to the left and right ventricular myocardium (Z-Effective 5-8 vs
8-11) (Figure 2, Panel D), attributable to the presence of core
adipose components. Delayed phase acquisition revealed mini-
mal LIE with consistently hypodense core areas and reduced
Extracellular Volume (ECV) in the thickest portions (ECV 13-
15% vs myocardial normal values 25-30%) (Figure 2, Panel E,F).
Findings raised suspicion of heteroformative lesion (lymphoma,
angiosarcoma), inflammatory pseudotumor from Erdheim-
Chester disease, or IgG4-related disease. Contrast-enhanced
CMR performed on a 1.5 T scanner (Figure 3) confirmed marked
solid thickening of the right atrial walls isointense to myocar-
dium on T1w images with core areas of hyperintensity due to
adipose components, and weakly hyperintense on T2w images.
Heterogeneous contrast enhancement on fat-saturated (FS)
T1lw early and late phase images was noted. The appearance
of the lesion at CMR was less suggestive of angiosarcoma, but
maintained other diagnostic suspicions. 18FDG-PET (Positron
Emission Tomography) scan (Figure 4) demonstrated heteroge-
neous tracer uptake within the atrial mass (SUVmax=7.4). No
significant uptake was observed in the pericardial layers, nor in
other investigated body areas. Subxiphoid pericardiocentesis
was performed. Chemical, physical, and culture examinations
of the aspirated serous fluid were negative. Cytological exami-
nation revealed presence of scantily cellular amorphous serous
material, granulocytes, lymphocytes, histiocytes, and scattered
normal/reactive mesothelial cells. No evidence of neoplastic
cells was found. Tumor markers were negative. To further char-
acterize the lesion, a myocardial biopsy via right femoral venous
approach showed right atrial myocardium with areas of fibrosis,
inflammatory infiltrate with partly foamy histiocytes. BRAF mu-
tation testing was negative for V600E. Histopathological, clini-
cal, and radiological findings were consistent with a diagnosis of
atrial pseudotumor from Erdheim-Chester disease.

Discussion

Erdheim-Chester Disease (ECD) is a rare non-Langerhans
cell histiocytosis affecting multiple organ systems. The disease
is characterized by xanthogranulomatous infiltration involving
numerous foamy, non-Langerhans cell, lipid-laden histiocytes,
which typically express CD68 and are negative for CD1la. Al-
though cardiovascular involvement is common in ECD, it is often
asymptomatic and incidentally detected by CT or CMR. One of
the hallmark cardiovascular manifestations of ECD is the pres-
ence of mural pseudo-tumoral infiltration of the right atrium
[5]. This clinical case underscores the added value of SCT and
material decomposition reconstructions in characterizing these
types of lesions and, more generally, all cardiac masses. SCT
coronary angiography with delayed phase, in addition to con-
ventional anatomical information, allows for the evaluation of
various parameters. Specifically, reconstructions such as “lo-
dine-no-Water” and “lodine Map” applied to the early-phase
acquisition allow for assessment of the lesion’s vascularity [2],
which in our specific case was poor. When these reconstruc-
tions are applied to the late-phase acquisition, they reveal Late
lodine Enhancement (LIE) within the tissues, indicating expan-
sion of the extracellular volume (reflecting myocellular and/or
interstitial damage, fibrosis, edema, and deposition of foreign
extracellular materials) [3]. In our patient these reconstructions
revealed heterogeneous LIE due to the presence of consistently
hypodense core areas with reduced Eextracellular Volume (ECV
13-15% vs normal myocardium values of 25-30%) in relation
to adipose components. Z effective images allow tissue char-
acterization based on effective atomic number [4]. Core adi-
pose components of the atrial lesion exhibited a lower atomic
number compared to the left and right ventricular myocardium
(z-Effective 5-8 vs 8-11). These CT findings were corroborated
by CMR, which demonstrated differing signal characteristics of
the dual tissue components comprising the lesion, notably the
fibro-inflammatory component being isointense on Tlw im-
ages and heterogeneously hyperintense on T2w images, while
the adipose component was hyperintense on Tlw images, hy-
pointense on FS T1lw images, and hyperintense on T2w images.
Heterogeneous contrast enhancement was confirmed on con-
trast enhanced FS T1w images, reflecting the lesion’s poor vas-
cularity. LGE on delayed-phase T1lw images, overlapping with
the LIE seen on SCT, was attributed to the fibro-inflammatory
component of the lesion. These findings were consistent with
the final diagnosis of atrial pseudotumor from ECD [6,7]. Imag-
ing findings and tissue characterization obtained through both
SCT and CMR narrow down diagnostic possibilities and guide
further diagnostic steps. The increased tracer uptake within
the atrial pseudotumor demonstrated by 18FDG PET with SU-
Vmax=7.4 indicated a lesion with heightened metabolism but
did not definitely discern its inflammatory or neoplastic nature
[8,9]. The absence of significant uptake in the pericardial layers
ruled out the pericarditis hypothesis. Moreover, the absence of
radiotracer uptake in other investigated body areas indicated
the exclusive localization of the disease within the cardiac re-
gion, a rare finding for ECD [7,10]. The absence of neoplastic
cells and the presence of fibrosis and mixed inflammatory in-
filtrate, including foamy histiocytes, highlighted by cytological
and histopathological analyses, supported the diagnosis of Erd-
heim-Chester disease.
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Figure 1: Transthoracic echocardiogram 4 chambers view showing Figure 4: BFDG-PET (Positron Emission Tomography) scan dem-
poor visualization of the right atrial walls with doubtful thickening onstrates heterogeneous tracer uptake within the thickened right
. or signs of organization of pericardial effusion. JERN atrial walls (SUVmax=7.4).

Figure 2: ECG-gated contrast-enhanced coronary computed tomography (CT) angiography performed using a spectral
dual-layer CT scanner (SCT) with late-phase acquisition for Late lodine Enhancement (LIE).

Panel A: Conventional image in arterial angiographic phase shows marked and diffuse thickening of the right atrial walls
due to the presence of solid tissue of inhomogeneous density, with core adipose components (yellow arrowheads).
Panel B and C: lodine density map (B) and lodine no water (C) images of arterial angiographic phase: the solid thicken-
ing of the atrial wall is hypodense relating to its poor arterial vascularity.

Panel D: Z effective map of arterial angiographic phase: the solid thickening of the atrial wall has a lower atomic num-
ber compared to the left and right ventricular myocardium (Z-Effective number 5-8 vs 8-11), due to the core adipose
components.

Panel E: lodine no water image of delayed phase shows minimal Late lodine Enhancement (LIE) with consistently hy-
podense core areas in relation to adipose components.

Panel F: lodine density map of delayed phase superimposed to virtual non contrast image shows inhomogeneous ap-
pearance of the atrial lesion due to the presence of areas with reduced extra-cellular volume (ECV 13-15% vs myocar-
. dial normal values 25-30%).
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Figure 3: Contrast-enhanced cardiac MRI performed on a 1.5 T scanner: sBTFE 4 chambers (Panel A), T1w Black Blood
Single Shot 4 chambers (Panel B), T2w STIR Black Blood 4 chambers (Panel C), 2D PSIR 4 chambers for Late Gadolinium
| Enhancement (LGE) (Panel D).
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Conclusion

In conclusion, our case emphasizes the utility of SCT and
spectral analysis for characterization of cardiac masses. If ap-
propriately validated, DECT integration into diagnostic path-
ways can overcome some limitations associated with CMR, such
as availability, duration of examinations, metal artifacts, claus-
trophobia and complement it. The availability and utilization of
both techniques can help identify the most suitable approach
for each patient, aiming to structure effective diagnostic and
therapeutic management tailored to individual needs.
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