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Background: COVID-19 pneumonia has lesions with a decreased blood flow. Dual-energy computed tomography is suitable to elu-
cidate the pathogenesis of COVID-19 pneumonia because it highlights the blood flow changes in organs. We report the dual-energy
computed tomography findings of a successfully treated case of COVID-19 pneumonia.

Case Presentation: An obese 49-year-old man with COVID-19 pneumonia was transferred from another hospital on day 11
after onset of illness. Although he was hypoxemic (PaO2/FiO2 = 100), tracheal intubation was not performed after anticipating dif-
ficulty in weaning from mechanical ventilation. Prone position therapy and nasal high flow therapy were administered, and the
patient was discharged after his condition improved. Dual-energy computed tomography was performed three times during hos-
pitalization, and it revealed improvement in the blood flow defect, unlike plain computed tomography that did not show much
improvement.

Conclusion: Dual-energy computed tomography can assess perfusion in COVID-19 pneumonia in real time and may be able to
predict its severity.

Key words: Computed X-ray tomography, COVID-19, COVID-19 diagnostic testing, dual-energy computed tomography, nasal high
flow therapy

INTRODUCTION

C OVID-19 pneumonia is associated with progressive
respiratory failure despite maintenance of lung compli-

ance. Processes other than alveolar damage have been sug-
gested as the cause of this respiratory failure. The
pathophysiology of the severe hypoxemia in COVID-19
pneumonia is gradually becoming clearer, and the involve-
ment of microvascular thrombi in the lung because of coagu-
lation disorders specific to SARS-CoV2 is attracting
attention.1

Dual-energy computed tomography (DECT) has been sug-
gested to be effective in visualizing the pathogenesis of
COVID-19 pneumonia because of its ability to highlight
changes in the blood flow in organs. In the present case, we
report the clinical course of COVID-19 pneumonia using
DECT.

CASE PRESENTATION

A 49-year-old man with a diagnosis of COVID-19
pneumonia was transferred to our hospital from

another hospital on day 11 (day 1 after admission) for treat-
ment of severe COVID-19 pneumonia. He was obese, with a
body mass index (BMI) of 33, and had a history of cerebral
infarction and hypertension. After admission, the patient
was treated with nasal high flow therapy (NHFT), antiviral
drugs (favipiravir, 3,600 mg/day on day 4 and
1,600 mg/day on days 5�14; remdesivir, 200 mg/day on
day 15 and 100 mg/day on days 16�19), steroids (mPSL,
1,000 mg/day on days 11�13, 500 mg/day on days 14�16,
and 250 mg/day on days 17�19; dexamethasone, 8 mg on

Corresponding: Hiromu Okano, MD, Department of Emergency

and Critical Care Medicine, National Hospital Organization

Yokohama Medical Center, 3-60-2 Harajyuku, Totsuka-ku,

Yokohama-shi, Kanagawa, 245-8575, Japan. E-mail:

okanohiromu0121@gmail.com

Received 4 Mar, 2021; accepted 6 Jun, 2021

Funding Information

No funding information provided.

© 2021 The Authors. Acute Medicine & Surgery published by John Wiley & Sons Australia, Ltd on behalf of
Japanese Association for Acute Medicine

1 of 4

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License,
which permits use, distribution and reproduction in any medium, provided the original work is properly cited and
is not used for commercial purposes.

Acute Medicine & Surgery 2021;8:e677 doi: 10.1002/ams2.677

https://orcid.org/0000-0002-2116-0455
https://orcid.org/0000-0002-2116-0455
https://orcid.org/0000-0002-2116-0455
https://orcid.org/0000-0001-8505-4486
https://orcid.org/0000-0001-8505-4486
https://orcid.org/0000-0001-8505-4486
mailto:
http://creativecommons.org/licenses/by-nc/4.0/


days 20�33), hydroxychloroquine, 600 mg/day on days
11�15, and low-molecular-weight heparin 75 U/kg/day. On
the day of admission, the PaO2/FiO2 (P/F ratio) was 210, but
by day 12 after the onset of symptoms, the P/F ratio had
worsened to 100. The course of treatment after admission
and the findings of DECT are shown in Figures 1 and 2,
respectively. On day 12 after the onset of the disease, plain
CT showed diffuse frosted shadows, and DECT showed
hypoperfusion consistent with the lesion. Based on the find-
ings of DECT, we predicted that the possibility of further
decrease in oxygen saturation was low. We did not choose
tracheal intubation for respiratory management on consider-
ing the obesity of the patient and the anticipated difficulty in
weaning the patient from artificial respiration. Thereafter,

oxygenation improved over time, the patient was discharged
from the intensive care unit (ICU) on day 18, and oxygen
therapy was completed on day 21. Follow-up DECT imag-
ing was performed on day 19 (day 9 after admission) after
the onset of the disease, and although the lesion did not
improve on plain CT, DECT findings on days 12 and 19
showed apparent improvement in the blood flow deficit
(Fig. 2). The patient’s condition improved and he was dis-
charged from the hospital on day 33.

The percentage of lesions on plain CT was calculated
using the scientific image analysis program Image J (NIH,
Bethesda, MD).2,3

CT scans were obtained via a second-generation dual-
source CT scanner (SOMATOM Definition Flash; Siemens

day

Figure 1. Clinical course of COVID-19 in our patient. The PaO2/FiO2 values at different time points are depicted. Dual-energy com-

puted tomography (DECT) was performed on days 12 and 19 of the onset of the disease. The figure also presents the timeline of the

administered therapies. NHFT, nasal high flow therapy.
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Figure 2. Series of (A) images obtained with plain computed tomography of the lung and (B) perfused blood volume images

generated using dual-energy computed tomography, both performed on days 12 and 19 after onset of disease. The orange area in

the figure indicates the presence of blood flow.
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Healthcare, Forchheim, Germany) using the dual-energy
scan mode. The following CT parameters were applied:
detector collimation, 32 mm 9 0.6 mm; 285 ms rotation
time; pitch, 0.55; and tube voltage, 140 kV with a Tin (Sn)
filter, and 100 kV. The slice thickness and increment were
set to 2.0 and 1.4 mm, respectively. For all images, a
medium-soft convolution kernel with iterative reconstruction
(Q33 Iterative strength 2) was used.

DISCUSSION

DECT USES AN iodine contrast agent to acquire both
low-energy and high-energy X-ray data, which

increases tissue resolution and enables accurate tissue
evaluation. In addition, noise can be minimized and arti-
facts can be reduced. The volume of perfused blood can
be quantified and the presence or absence of perfusion
injury can be investigated by material decomposition and
generation of lung iodine distribution maps. The decrease
in pulmonary perfusion can be visualized as decreased
iodine uptake in the affected area and has been used to
detect myocardial ischemia and to diagnose pulmonary
embolism.4 In our hospital, contrast-enhanced CT is used
for the evaluation of thrombosis, such as for pulmonary
embolism in COVID-19 pneumonia.5 DECT, which is
used to diagnose small pulmonary emboli that are diffi-
cult to identify on conventional contrast-enhanced CT,
was used in this study for COVID-19 pneumonia. A pre-
vious DECT study in a COVID-19 patient has shown
that pulmonary blood flow is severely reduced because
of pulmonary vascular disease and thrombosis.6 However,
it is not known how the DECT imaging changes relate
to the clinical course. This is the first case report in
Japan that evaluates the trends of perfusion of COVID-
19 pneumonia using DECT and discusses its clinical
considerations.

First, we consider the imaging findings. Several studies5,7

on COVID-19 using DECT have shown that the regions
with ground-glass opacity have increased perfusion, whereas
the consolidative and mixed opacity regions have low perfu-
sion. It has been reported that pulmonary vascular injury
because of COVID-19 causes loss of auto-regulation of per-
fusion as well as thrombosis in situ. In our case, among the
features of COVID-19 pneumonia described above, only
low perfusion findings were observed. It has been reported
that the finding of segmental increased perfusion in DECT is
suggestive of bacterial infection.8 However, blood and spu-
tum cultures were negative in our case. This suggests that
the autoregulation of blood vessels was maintained, which
may have resulted in a favorable outcome and avoided tra-
cheal intubation.

Second, we discuss the change in imaging findings: com-
paring the CT images from day 12 and day 19, DECT
showed a decrease in blood flow deficit despite an increase
in the percentage of lesions in plain CT (Fig. 2). The
improvement in the clinical course of the patient’s respira-
tory condition was consistent with the changes on DECT
imaging.

The important inference drawn from this case was that the
extent of the lesion visualized on a plain CT may not indi-
cate the severity of COVID-19 pneumonia. DECT was use-
ful for depicting the blood flow in the lung fields, because
the degree of blood flow defect in the lung fields may be
related to the severity of the disease.

CONCLUSION

IN THIS REPORT, we presented the DECT findings of a
patient with COVID-19. Our observations suggest that

DECT may be used to assess perfusion in COVID-19 pneu-
monia in real time and predict its severity.
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