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Spectrum of lung perfusion changes on dual-energy CT in COVID-19:
incremental benefit to conventional CT
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Abstract
The purpose of this case report is to demonstrate lung perfusion changes on dual-energy CT (DECT) in patients with Coronavirus
disease 2019 (COVID-19). Since the first case of COVID-19 was reported in Wuhan, Hubei province in China, the spectrum of
lung parenchymal findings has been well described but the underlying pathophysiology is less well understood. DECT imaging
contributes to the growing evidence that vascular dysregulation has an important role in the underlying pathophysiology of the
disease. Three patients with reverse transcriptase polymerase chain reaction (RT-PCR)–confirmed COVID-19 underwent DECT
scans. One patient had a DECT for persistent spikes in temperature while the other two patients underwent dual-energy CT
pulmonary angiograms (CTPA) for worsening shortness of breath, elevated D dimers and suspected pulmonary embolism. The
perfusion abnormalities include focal areas of both hyperperfusion, hypoperfusion, and areas of hypoperfusion surrounded by
hyperemia. In addition, dilatation of segmental and subsegmental pulmonary arteries was seen in relation to the lung parenchymal
change. DECT has proven useful in supporting the hypothesis that vascular dysregulation plays a significant role in the pulmo-
nary pathophysiology of COVID-19. Early identification and a high index of suspicion is required in the emergency department
setting to identify and isolate cases even prior to the results of RT-PCR test being available. Vascular changes on DECT may be
an additional radiological feature in detecting the presence of and predicting the severity of disease in the emergency department
or acute care setting.
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Introduction

Since it was first described in Wuhan, Hubei, China, in
December 2019, Coronavirus disease 2019 (COVID-19) has
proven to be highly contagious, spreading worldwide rapidly
with varying rates of morbidity and mortality across different
health systems. It was declared a pandemic by the WHO in
March 2020 with more than 25 million confirmed cases and
800,000 deaths recorded by August 2020 [1].

The lungs are predominantly afflicted and classical paren-
chymal changes described include bilateral areas of ground
glass change and consolidation in a peripheral or posterior

distribution [2]. There is increasing evidence supporting the
role of a vascular pathology in the underlying pathophysiolo-
gy. In cases of alveolar insult and hypoxia, the intrinsic phys-
iological response unique to pulmonary arteries is vasocon-
striction, such that oxygenated blood is preferentially diverted
to better-ventilated areas of the lung, in an attempt to reduce
ventilation perfusion mismatch [3]. There is growing recogni-
tion that there is dysregulation of this mechanism in patients
with COVID-19 with varied vascular changes including dila-
tation of pulmonary vessels in areas of parenchymal abnor-
mality [4, 5]. There are many cases of acute pulmonary em-
bolism in patients with COVID-19 pneumonia and its inci-
dence probably underestimated. Emboli are predominantly
found in the lobar and segmental vessels, likely precipitated
by a combination of factors including an inflammatory
prothrombotic state caused by cellular dysfunction [6, 7].

Conventional radiographic and computed tomography
(CT) findings of lung parenchymal changes in COVID-19
pneumonia have been well described but there is limited
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literature on the use of dual-energy CT (DECT) to illustrate
lung perfusion changes. In this case report, we hope to illus-
trate our experience with three cases of COVID-19 pneumo-
nia demonstrating lung perfusion changes. Post-contrast im-
aging was acquired as one patient underwent a CT of the
thorax, abdomen, and pelvis (CT TAP) to identify another
source of sepsis in addition to evaluating lung parenchymal
change. Two patients underwent CT pulmonary angiograms
(CTPA) for pulmonary embolism, on a background of
COIVD-19 pneumonia, hence necessitating the use of
contrast.

Materials and methods

All three patients underwent DECT utilizingGSIXtream on on a
Revolution CT scanner (GE Healthcare, Waukesha, WI, USA);
the voltage was 80 to 120 kV, matrix 512 × 512, and slice thick-
ness 3 mm. Contrast for the CT TAP was injected at a rate of
1.8 ml/sand at a rate of 3.6 ml/scontrast for the CTPA. Data was
transferred to AW server 3.2 and analyzed with Gemstone
Spectral Imaging (GSI) Pulmonary Perfusion Software. The
scans were reviewed by two radiologists specializing in body
imaging.

Cases

Case 1

A 35-year-old male patient was admitted with COVID-19
pneumonia, confirmed on nasopharyngeal swab RT-PCR.
He was experiencing persistent spikes of fever (> 38.0 °C) at
day 12 of illness without any other localizing cause of infec-
tion. He was not tachypneic and did not require supplemental
oxygen. CT TAP was performed to evaluate the severity of
lung disease and exclude other causes of sepsis (Figs. 1 and 2).

Case 2

A 34-year-old male patient was diagnosed with COVID-19
infection on routine nasopharyngeal RT-PCR swab. He expe-
rienced persistent fever, worsening shortness of breath, and
chest pain and was admitted to our institution on day 2 of
illness. Chest radiograph performed in the emergency depart-
ment showed bilateral lower zone airspace opacities. Arterial
blood gas findings were suggestive of type 1 hypoxic respira-
tory failure and he was admitted to the intensive care unit. D-
dimer quantitation was elevated at 0.86 mg/l fibrinogen-
equivalent units (FEU) (normal range: 0.19–0.55 mg/l FEU).
He underwent a CTPA for suspected pulmonary embolism
(Fig. 3a–f).

Case 3

A 67-year-old male patient was admitted for COVID-19 pneu-
monia on day 2 of illness. On day 9 of illness, he developed
worsening shortness of breath requiring increasing oxygen sup-
plementation with chest radiographs showing progression of bi-
lateral pneumonia. He was transferred to the intensive care unit
and was subsequently intubated. D-dimer levels were consider-
ably elevated at 17.09 mg/l FEU(normal range 0.19–0.55 mg/
l FEU). DECT pulmonary angiogram was performed on day
14due to increasing hypoxia and ventilator requirements, but
was negative for pulmonary embolism (Fig. 4).

Discussion

The spectrum of lung parenchymal changes in COVID-19
demonstrates a fairly typical pattern. Pan et al. described a
temporal relationship of CT chest findings, characterized by
4 stages of progression [8]. The initial findings include pre-
dominantly lower lobe subpleural ground glass change (stage
1); bilateral multilobar ground glass change and consolidation
(stage 2); dense consolidation, crazy paving pattern, and

Fig. 1 a Axial image of the lung bases show a focal consolidation with
peripheral ground glass opacity in the posterobasal left lower lobe (black
arrow). Subtle ground glass opacities are also visible more medially in the
left lower lobe and the basal right lower lobe (white frames). b

Corresponding perfusion blood volume (PBV) image shows considerably
increased perfusion in the left lower lobe (black arrow). A few areas of
mild hypervascularity are also recognizable in the rest of the lung bases
with subtle ground glass change (white frames)
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Fig. 2 a, b Axial image of the
upper lungs and corresponding
maximum intensity projection
(MIP) image demonstrate
scattered ground glass opacities
bilaterally (white frames), with
abnormally dilated subsegmental
vessels in some of the central and
peripheral opacities at contiguous
slices (white arrows). c PBV im-
age at the same level shows re-
gional areas of increased perfu-
sion corresponding to the ground
glass opacities (white frames). d
Corresponding iodine map image
also demonstrates hyperperfusion
as well as segmental and
subsegmental vasodilatation, es-
pecially at the medial aspect of
right upper lobe and the apical
segment of the left lower lobe
(white frames)

Fig. 3 a CT pulmonary
angiogram axial image at the lung
base demonstrates extensive
peripheral and subpleural
opacities. b Corresponding iodine
image shows areas of
hyperperfusion in some of the
opacities in the left lower lobe
(dashed white boxes), while some
areas show normal to reduced
perfusion in some of the opacities
in the right lower lobe (solid white
arrows). Note also the dilated
segmental pulmonary arteries in
the left lower lobe (dashed white
arrow). cAxial image of the upper
lungs showing a few peripheral
subpleural opacities (white
arrows). d Axial MIP image
demonstrating segmental and
subsegmental vessel enlargement
(white arrows). e, f
Corresponding lung PBV images
show subpleural areas of
perfusion defects in the right lung,
which are associated with areas of
increased perfusion proximally
(white boxes). No pulmonary
embolism was identified
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parenchymal bands (stage 3); and final stage of resolution
with the absorption of consolidation and lack of visualization
of the crazy paving pattern (stage 4) [8]. We can propose that
patients 1 and 2 were in stage 2 of the disease while patient 3
was in stage 3 of the disease.

DECT works on the principle of utilizing two different x-ray
energy spectra (high- and low-kilovoltage series) during image
acquisitions. By using various post processing techniques, differ-
ent sequences such as virtual non-contrast, iodine images and
lung perfusionmaps can be generated. Hence, DECTwith added
post-processing allows the radiologist to assess for perfusion
abnormalities in addition to the lung parenchyma.

The cases above, although negative for pulmonary embolism,
demonstrated a spectrum of lung perfusion changes ranging from
hypoperfusion to hyperperfusion. We noted dilatation of blood
vessels in the subpleural region and within the affected lungs in
all three patients, in keeping with previously published findings.
Caruso et al. describe finding enlarged subpleural blood vessels
(> 3 mm) in 89% of their patients [9]. This is corroborated by the
study by Lang et al. who found dilated pulmonary vasculature in
85% of cases and dilated distal blood vessels extending to the
pleura and fissures [4]. Alberello et al. described two cases in
which there was a progressive increase in pulmonary artery cal-
iber and pulmonary vessel hypertrophy in areas of increased
ground glass opacification, suggesting that it could be an early
radiological sign to predict lung deterioration [5]. The proposed
mechanisms to explain this underlying change include abnormal
vasoregulation, intrapulmonary shunting, or microvascular
thrombosis. Ackermann et al. described severe endothelial dam-
age within the lungs in a small group of seven patients with
COVID-19 and a process of angiogenesis accounting for new
vessel growth, muchmore evident in COVID-19 patients than in
influenza, which may account for the vessel dilatation noted on
CT [10]. Recent literature has also shed light on the seemingly
“happy” hypoxic patient who, though fairly hypoxemic based on
physiological parameters, might not initially experience signifi-
cant symptomatic dyspnea due to preserve lung compliance but
subsequently experiences rapid deterioration [11].

The reporting time for COVID-19 swab results is variable,
dependent on local policy and resource availability. There
have been multiple cases in which the initial COVID-19 RT-

PCR result has been false negative with concurrent CT dem-
onstrating positive lung parenchymal changes [12]. The CT
findings of ground glass opacities and peripheral consolida-
tion are not specific and may be seen in a variety of diseases.
DECT could strengthen diagnostic confidence over conven-
tional CT in circumstances where the initial COVID swab is
negative or pending, thereby aiding clinical management.

The limitations of the study are that these are preliminary
results in a small number of cases from a single institution.
Further analysis on a larger cohort of cases with varying se-
verity of lung parenchymal involvement would be of value. It
remains a work in progress to determine if early identification
of areas of perfusion anomalies on DECT in the “happy”
hypoxic patient who is compensating well could be a useful
prognostic indicator for predicting deterioration. If validated,
the routine use of DECT (if available) may be helpful in
assessing for perfusion anomalies, a feature which could even
be incorporated as part of a COVID-19 pneumonia CT sever-
ity scoring system.

Conclusion

Our findings support the emerging literature that pulmonary
vascular dysregulation has a significant role in the pathogen-
esis of COVID-19-related lung disease. Utilizing DECT gives
additional insight into the disease pathophysiology by
assessing lung perfusion changes. Early identification of vas-
cular changes may be a harbinger of further deterioration and
could influence the decision-making algorithm for emergency
clinicians, including isolation of patients and clinical manage-
ment; however, further research is still required.
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Fig. 4 a Axial image from CT
pulmonary angiogram showing
dense consolidation in the left
lung (white frame) and ground
glass opacities in the right lung
(black arrows). b Corresponding
iodine image shows a perfusion
defect within the left lung with a
surrounding halo of increased
perfusion (white frame). No
pulmonary embolism was
detected
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