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Case Report

Diagnosis of Pulmonary Embolism in Unenhanced Dual Energy
CT Using an Electron Density Image
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Abstract: Dual-energy computed tomography (CT) is a promising tool, providing both anatomical
information and material properties. Using spectral information such as iodine mapping and virtual
monoenergetic reconstruction, dual-energy CT showed added value over pulmonary CT angiography
in the diagnosis of pulmonary embolism. However, the role of non-contrast-enhanced dual energy
CT in pulmonary embolism has never been reported. Here, we report a case of acute pulmonary
embolism detected on an electron density image from an unenhanced dual-energy CT using a
dual-layer detector system.
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1. Introduction

Acute pulmonary embolism (PE) is a potentially fatal medical condition if its diagno-
sis is delayed. Computed tomography (CT) pulmonary angiography (CTPA) is the gold
standard in the diagnosis of PE. Dual-energy CT (DECT) is a promising tool providing
both anatomical information and material properties. An iodine map from DECT shows
added value over CTPA in the diagnosis of PE [1]. In CT with suboptimal enhancement,
monoenergetic image reconstruction can improve the diagnostic accuracy of PE by increas-
ing vascular attenuation and the contrast-to-noise ratio [2]. However, in some patients,
without clinical suspicion of PE, CT scans can be performed without intravenous contrast
administration. The role of an unenhanced DECT in detecting PE has not been reported
yet. Here, we report a case of acute PE detected on an electron density (ED) image from an
unenhanced DECT obtained using a dual-layer detector system.

2. Case Report

This study was approved by the Institutional Review Board of our hospital. A
90-year-old woman was transferred to the emergency department with a cough, spu-
tum, and dyspnea on exertion for a week. She was on medication for hypertension. Her
white blood cell count was 12.33 × 103 µL and her erythrocyte sedimentation rate was
37 mm/h. Reverse transcription polymerase chain reaction (RT-PCR) test for SARS-CoV-2
was negative. Her serum creatinine level was 1.17 mg/dL. Her estimated glomerular filtra-
tion rate (eGFR) was 48 mL/min/1.73 m2. A chest radiograph showed subtle increased
opacities in the right upper lobe and both lower lobes (Figure 1).

Since pneumonia was suspected, a chest CT scan was performed without contrast en-
hancement. CT was obtained using a dual-layer detector spectral CT scanner (IQon, Philips
Healthcare, Best, The Netherlands). The scanning parameters were as follows: 120 kVp,
140–250 mA (reference mAs, 73), pitch of 0.609, rotation time of 0.4 s, 64 × 0.625 mm col-
limation, 1 mm slice thickness, 1 mm slice increment, and smooth filter (filter A). Chest
CT images showed patchy areas of consolidation and ground-glass opacities in both lower
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lobes, suggestive of pneumonia (Figure 2). There was a focal fibrotic scar in the right
upper lobe. The patient was treated with antibiotics. Chest radiographs showed gradual
improvement. However, the patient complained of persistence of dyspnea. Blood oxygen
saturation level was 85% at room air and 99% after supplement of oxygen via nasal prongs
at 3 L/min.

Figure 1. Supine anteroposterior chest radiograph showing suspicious infiltrates in the right upper
lobe and both lower lobes.

Figure 2. Chest CT image in lung window setting showing patchy consolidation and ground-glass
opacities in both lower lobes.

A review of the unenhanced chest CT images revealed unremarkable findings except
pneumonia. ED images were retrospectively reconstructed from a spectral based image of
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DECT. ED images showed multifocal areas of high ED in both interlobar, the left upper
lobe, and both lower lobe pulmonary arteries (Figure 3). The ED value measured at a
high-density area was 108 %EDW, while the ED value of pulmonary artery without a high
density was 104 %EDW (Figure 4). Serum D-dimer level was 10.46 µg/dL. With a suspicion
of PE, CTPA was performed on the third day of admission. CTPA showed multiple thrombi
in pulmonary arteries. The locations of thrombi corresponded to areas of high ED on ED
images (Figure 5).

Figure 3. Upper row: unenhanced chest CT images in mediastinal window setting showing unremarkable findings. Lower
row: color overlayed electron density images showing multiple high-density ED areas in both pulmonary arteries (arrows).
Scale bar is shown on the right. Materials with higher electron densities are shown in dark blue. Lower-density materials
are shown in light blue or yellow. ED, electron density.

Figure 4. Mean electron ED values measured using circular region of interest on ED image: 108.4 (%EDW,
percentage relative to the ED of water) in the high-density area and 104.1 in other areas of the
pulmonary artery. ED, electron density.
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Figure 5. CT pulmonary angiography shows multiple PEs. Locations of PEs correspond to areas of dark blue areas on color
overlayed ED images in Figure 3. PE, pulmonary embolism; ED, electron density.

CT venography revealed deep vein thrombosis in left distal popliteal and calf veins.
The patient received anticoagulation therapy. Follow-up CTPA obtained 12 weeks later
showed complete resolution of PE.

3. Discussion

Although there are several original research studies or case series on the detection of
PE using signs of a hyperdense lumen in non-contrast-enhanced CT, density differences
between intravascular blood and thrombus are usually not sufficiently big enough to be
noticed without a contrast enhancement [3–7]. Protein content in red blood cells rather
than fibrin in thrombus has been shown to be related to hyperdensity in CT [8]. Therefore,
the visualization of PE on an unenhanced CT depends on the thrombus age and the
patient’s hematocrit level at the time of imaging [5]. According to a case control study by
Sun et al. [9], non-contrast CT showed a high negative predictive value (>90%) for central
PE identification. However, it was neither sensitive nor specific enough to accurately detect
central PE.

Conventional CT images depict the amounts of total beam attenuation in each voxel
of body tissue when an X-ray passes through the body. Total X-ray attenuation is a result of
two physical interactions between X-ray photons and the body, including the photoelectric
absorption and Compton scattering known to depend on X-ray energy, effective atomic
number, and ED of the tissue. By measuring X-ray attenuation at two different energies,
DECT allows the estimation of the effective atomic number and ED of each voxel. DECT can
produce more accurate ED values than a conventional CT [10–12]. The ED value derived
from DECT is expressed as a percentage relative to the ED of water (%EDW). Commercially
available DECT systems are classified into two main categories: source-based (dual rotation,
dual source, rapid kilovoltage switching) and detector-based (dual-layer) systems [13]. In a
dual-layer detector CT system, as used in the preset study, spectral information is obtained
from every scan performed using routine protocols. Therefore, tissue characterization
could be retrospectively performed on demand by measuring iodine density, effective
atomic number, and ED.

ED generally corresponds to the physical density of the tissue. In clinical practice,
ED has been used for optimizing the dose distribution in radiotherapy rather than for
diagnostic purpose. Recently, Daoud et al. [14] have shown the potential benefit of ED in de-
tecting lung lesions. ED images can improve the visualization of lung parenchymal lesions
compared to conventional CT in patients with COVID-19 pneumonia [14]. In the present
study, ED images derived from an unenhanced DECT clearly depicted PE, which could not
be detected on conventional CT images. Due to the current pandemic situation, requests for
non-contrast CT evaluations are increasing in patients with suspected COVID-19 [15]. In
such patients, the pulmonary artery should also be carefully evaluated to detect potential
complications, PE, particularly if the scan is performed using a dual-energy technique.
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In summary, we report a case of PE detected on an unenhanced DECT using ED images.
This shows the potential of DECT for patients who cannot use an iodinated contrast agent
in CT scans due to poor renal function, allergy to iodinated contrast, or pregnancy.

Author Contributions: Conceptualization, K.-N.J.; methodology, K.-N.J. and K.B.; validation, K.-N.J.;
formal analysis, K.B.; investigation, K.B. and K.-N.J.; resources, K.B.; data curation, K.B.; writing—
original draft preparation, K.B.; writing—review and editing, K.-N.J.; visualization, K.-N.J.; supervi-
sion, K.-N.J. Both authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board of Gyeongsang National
University Changwon Hospital (protocol code 2021-09-017 and date of approval 16 September 2021).

Informed Consent Statement: Patient consent was waived due to the retrospective nature of the study.

Data Availability Statement: Data is contained within the article. No new data were created or
analyzed in this study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Hong, Y.J.; Shim, J.; Lee, S.M.; Im, D.J.; Hur, J. Dual-Energy CT for Pulmonary Embolism: Current and Evolving Clinical

Applications. Korean J. Radiol. 2021, 22, 1555. [CrossRef] [PubMed]
2. Bae, K.; Jeon, K.N.; Cho, S.B.; Park, S.E.; Moon, J.I.; Baek, H.J.; Choi, B.H. Improved Opacification of a Suboptimally Enhanced

Pulmonary Artery in Chest CT: Experience Using a Dual-Layer Detector Spectral CT. Am. J. Roentgenol. 2018, 210, 734–741.
[CrossRef] [PubMed]

3. Reinert, D.; Mönnings, P.; Schneider, R.; Lukas, C. Hyperdense pulmonary artery sign—Detection of pulmonary embolism in
patients with suspected COVID-19 using non-contrast chest CT. Radiol. Case Rep. 2021, 16, 1815–1818. [CrossRef] [PubMed]

4. Thom, C.; Lewis, N. Never say never: Identification of acute pulmonary embolism on non-contrast computed tomography
imaging. Am. J. Emerg. Med. 2017, 35, 1584.e1–1584.e3. [CrossRef] [PubMed]

5. Kanne, J.P.; Gotway, M.B.; Thoongsuwan, N.; Stern, E.J. Six Cases of Acute Central Pulmonary Embolism Revealed on Unenhanced
Multidetector CT of the Chest. Am. J. Roentgenol. 2003, 180, 1661–1664. [CrossRef] [PubMed]

6. Tatco, V.R.; Piedad, H.H. The validity of hyperdense lumen sign in non-contrast chest CT scans in the detection of pulmonary
thromboembolism. Int. J. Cardiovasc. Imaging 2010, 27, 433–440. [CrossRef]

7. Cobelli, R.; Zompatori, M.; De Luca, G.; Chiari, G.; Bresciani, P.; Marcato, C. Clinical Usefulness of Computed Tomography
Study Without Contrast Injection in the Evaluation of Acute Pulmonary Embolism. J. Comput. Assist. Tomogr. 2005, 29, 6–12.
[CrossRef] [PubMed]

8. Borggrefe, J.; Kottlors, J.; Mirza, M.; Neuhaus, V.-F.; Abdullayev, N.; Maus, V.; Kabbasch, C.; Maintz, D.; Mpotsaris, A.
Differentiation of Clot Composition Using Conventional and Dual-Energy Computed Tomography. Clin. Neuroradiol. 2017, 28,
515–522. [CrossRef] [PubMed]

9. Sun, S.; Semionov, A.; Xie, X.; Kosiuk, J.; Mesurolle, B. Detection of central pulmonary embolism on non-contrast computed
tomography: A case control study. Int. J. Cardiovasc. Imaging 2014, 30, 639–646. [CrossRef] [PubMed]

10. Tsunoo, T.; Torikoshi, M.; Ohno, Y.; Uesugi, K.; Yagi, N. Measurement of electron density in dual-energy X-ray CT with
monochromatic X rays and evaluation of its accuracy. Med. Phys. 2008, 35, 4924–4932. [CrossRef] [PubMed]

11. Mei, K.; Ehn, S.; Oechsner, M.; Kopp, F.K.; Pfeiffer, D.; Fingerle, A.A.; Pfeiffer, F.; Combs, S.E.; Wilkens, J.; Rummeny,
E.J.; et al. Dual-layer spectral computed tomography: Measuring relative electron density. Eur. Radiol. Exp. 2018, 2, 1–9.
[CrossRef] [PubMed]

12. Hua, C.-H.; Shapira, N.; Merchant, T.E.; Klahr, P.; Yagil, Y. Accuracy of electron density, effective atomic number, and iodine
concentration determination with a dual-layer dual-energy computed tomography system. Med. Phys. 2018, 45, 2486–2497.
[CrossRef] [PubMed]

13. So, A.; Nicolaou, S. Spectral Computed Tomography: Fundamental Principles and Recent Developments. Korean J. Radiol. 2021,
22, 86–96. [CrossRef] [PubMed]

14. Daoud, B.; Cazejust, J.; Tavolaro, S.; Durand, S.; Pommier, R.; Hamrouni, A.; Bornet, G. Could Spectral CT Have a Potential
Benefit in Coronavirus Disease (COVID-19)? Am. J. Roentgenol. 2021, 216, 349–354. [CrossRef]

15. Kalra, M.K.; Homayounieh, F.; Arru, C.; Holmberg, O.; Vassileva, J. Chest CT practice and protocols for COVID-19 from radiation
dose management perspective. Eur. Radiol. 2020, 30, 6554–6560. [CrossRef]

http://doi.org/10.3348/kjr.2020.1512
http://www.ncbi.nlm.nih.gov/pubmed/34448383
http://doi.org/10.2214/AJR.17.18537
http://www.ncbi.nlm.nih.gov/pubmed/29446668
http://doi.org/10.1016/j.radcr.2021.04.047
http://www.ncbi.nlm.nih.gov/pubmed/33968286
http://doi.org/10.1016/j.ajem.2017.07.052
http://www.ncbi.nlm.nih.gov/pubmed/28736090
http://doi.org/10.2214/ajr.180.6.1801661
http://www.ncbi.nlm.nih.gov/pubmed/12760938
http://doi.org/10.1007/s10554-010-9673-5
http://doi.org/10.1097/01.rct.0000148274.45419.95
http://www.ncbi.nlm.nih.gov/pubmed/15665675
http://doi.org/10.1007/s00062-017-0599-3
http://www.ncbi.nlm.nih.gov/pubmed/28536753
http://doi.org/10.1007/s10554-013-0356-x
http://www.ncbi.nlm.nih.gov/pubmed/24390296
http://doi.org/10.1118/1.2987738
http://www.ncbi.nlm.nih.gov/pubmed/19070226
http://doi.org/10.1186/s41747-018-0051-8
http://www.ncbi.nlm.nih.gov/pubmed/30175319
http://doi.org/10.1002/mp.12903
http://www.ncbi.nlm.nih.gov/pubmed/29624708
http://doi.org/10.3348/kjr.2020.0144
http://www.ncbi.nlm.nih.gov/pubmed/32932564
http://doi.org/10.2214/AJR.20.23546
http://doi.org/10.1007/s00330-020-07034-x

	Introduction 
	Case Report 
	Discussion 
	References

