RaDp1oLOGY CASE REPORTS 17 (2022) 3179-3184

Available online at www.sciencedirect.com

ScienceDirect RADIOLOGY

CASE
REPORTS

journal homepage: www.elsevier.com/locate/radcr

Case Report

Persistent respiratory failure after SARS-CoV-2
infection: The role of dual energy computed
tomography. A case report

Silvia Menale, MD**, Valentina Scheggi, MD¢, Jacopo Giovacchini, MD?,
Niccolé Marchionni, MD, PhD"

aDivision of Cardiovascular and Perioperative Medicine, Cardiothoracovascular Department Azienda
Ospedaliero-Universitaria Careggi and Department of Experimental and Clinical Medicine, University of Florence,
Largo Brambilla 3, 50139, Italy

b Division of General Cardiology, Careggi Hospital and Department of Experimental and Clinical Medicine, University
of Florence, Largo Brambilla 3, 50139, Italy

ARTICLE INFO ABSTRACT

Article history: Background: COVID-19 disease is often complicated by respiratory failure, developing through
Received 24 March 2022
Revised 6 May 2022
Accepted 12 May 2022

multiple pathophysiological mechanisms, with pulmonary embolism (PE) and microvascu-
lar thrombosis as key and frequent components. Newer imaging modalities such as dual-
energy computed tomography (DECT) can represent a turning point in the diagnosis and
follow-up of suspected PE during COVID-19. Case presentation: A 78-year-old female pre-
sented to our internal medicine 3 weeks after initial hospitalization for COVID-19 disease,
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Persistent respiratory failure lungs scan showed a typical SARSCoV-2 pneumonia. Over the following 15 days, respiratory
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function gradually improved. Unexpectedly, after 21 days from symptom onset, the patient
started complaining of breath shortening with remarkable desaturation requiring high-flow
oxygen ventilation. CT pulmonary angiography and transthoracic echocardiography were
negative for signs of PE. Thereby, Dual-energy CT angiography of the lungs (DECT) was per-

formed and detected diffuse peripheral microembolism. After 2 weeks, a second DECT was
performed, showing a good response to the anticoagulation regimen, with reduced extent
of microembolism and some of the remaining emboli partially recanalized. Discussion: DECT
is an emerging diagnostic technique providing both functional and anatomical information.
DECT has been reported to produce a much sharper delineation of perfusion defects than
pulmonary scintigraphy, using a significantly lower equivalent dose of mSv. We highlight
that DECT is particularly useful in SARS-Cov-2 infection, in order to determine the predom-
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inant underlying pathophysiology, particularly when respiratory failure prolongs despite
improved lung parenchymal radiological findings
© 2022 The Authors. Published by Elsevier Inc. on behalf of University of Washington.

This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)

Introduction

Progressive respiratory failure is a major cause of death in
COVID-19 disease [1]. The underlying pathophysiologic mech-
anism leading to respiratory failure is multifactorial including,
beyond inflammation, endothelial damage, intussusceptive
angiogenesis, and microvascular thrombosis [1,2] On the other
hand, the diagnosis of pulmonary embolism (PE) or thrombo-
sis may be sometimes difficult, and the most used tools cannot
always exclude this diagnostic suspicion, because microem-
bolization or in situ thrombosis in the most peripheral regions
of the lung are difficult to be detected. In front of such a chal-
lenging diagnostic scenario, dual-energy computed tomogra-
phy (DECT), may result more informative and, hence, clinically
helpful. In fact, DECT can produce a detailed definition of both
morphology and perfusion in a single spiral image with sec-
ondary iodine maps using 2 X-ray energy spectra, high and low
kilovoltage [3,4].

Case presentation

We report here the case of a 78-year-old woman who devel-
oped an acute respiratory insufficiency 1 month after hospi-
talization for SARS-CoV-2-related pneumonia.

Her past medical history included arterial hypertension,
chronic bronchitis, and chronic hepatitis C virus infection. Pre-
vious invasive procedures included appendectomy and right
carpal tunnel surgery. She had presented to the emergency
department because of increasing shortness of breath and
fever up to 37.5°C in the last 5 days. The molecular swab test
was positive for SARS-CoV-2. The patient was alert and ori-
ented; the respiratory rate was slightly increased to 20/min.
Arterial blood gases analysis revealed mild hypoxia with res-
piratory alkalosis (pH 7.46, pCO, 37.7 mm Hg, pO, 71 mm
Hg, SPO, 95% with FiO, 21%). Chest ultrasound showed nor-
mal pleural sliding bilaterally, B-lines up to 6-7 on examina-
tion, and no pleural effusion. At chest radiography, dissemi-
nated areas of increased density in the lung parenchyma were
detected. After initial triage, she was admitted to the divi-
sion of infectious disease, where she was treated with intra-
venous steroids (methylprednisolone 60 mg die), LMWH at a
prophylactic dose and oxygen therapy (FiO, 36%-50%). A com-
puted tomography (CT) lungs scan showed a relevant thick-
ening of the parenchyma and bilateral ground-glass opacities,
predominantly in peripheral and posterior regions, with over-
all typical aspects of SARS-CoV-2 pneumonia. Echocardiogra-
phy demonstrated a preserved left ventricular systolic func-
tion and moderate aortic valve regurgitation, without signs of
pulmonary hypertension.

Over the following 10 days, respiratory function gradually
improved until almost complete weaning from O, therapy. Un-

expectedly, 21 days after symptom onset, the patient started
complaining of breath shortening with relevant desaturation
(SpO, 87%), associated with chest tightness, requiring high-
flow nasal cannula oxygen delivery (40 I/min with 60% FiO,).

A pulmonary CT angiography excluded a new-onset PE or
progression of viral-related pneumonia. A subsequent DECT
detected, at iodine perfusion maps, multiple triangular pe-
ripheral focal areas of hypoperfusion that were consistent
with diffuse microembolism (Figs. 1 and 2).

LMWH therapy was then increased to an anticoagulant
dosage. The respiratory profile remained stable with 50% FiO,.
Meanwhile, the patient tested negative for SARS-CoV-2 at
a control swab and was moved to our division of internal
medicine.

On admission, laboratory data showed normal haematocrit
and inflammatory markers, with persistently high D-dimer
levels (1217 ng/mL), while liver and cardiac enzymes, and re-
nal function were normal. The patient still needed the same
ventilatory support, with moderate hypoxemia and respira-
tory alkalosis at hemogasanalysis (pH 7.30, pO, 57 mm Hg,
pCO, 31 mm Hg). After three weeks from admission to our
division, a second DECT was performed, showing a good re-
sponse to the anticoagulation regimen translating into a re-
duced extension of microemboli, with some of the remain-
ing ones that were partially recanalized. A medium-dose cor-
ticosteroids and oxygen therapy were maintained, combined
with respiratory physiotherapy and daily periods of prona-
tion. The patient’s general condition and respiratory function
gradually improved, requiring only a small amount of oxygen
support at discharge. A further, 3-month contrast-enhanced
chest CT control, showed almost complete peripheral vessels
recanalization and reduced areas of parenchymal consolida-
tion (Fig. 3).

Discussion

A series of specific events correlated with disease severity
have been observed to contribute to the procoagulant state
in COVID-19 disease: direct and indirect endothelial damage
with activation of the coagulation pathway, platelet activa-
tion, complement and immune activation with the onset of
an inflammatory cytokine storm involving IL2, IL6, MCP-1,
MIP-1A, and TNF-« [5,6]. This process, termed immunothrom-
bosis, complements other additional risk factors (high ferritin,
elevated antiphospholipid antibodies, obesity) and the clas-
sic venous thromboembolism pathways that characterise
COVID-19 [2,6].

Moreover, inflammation-induced endothelial cell dysfunc-
tion leads to an increased release of von Willebrand factor
(VWF) multimers, triggering thrombotic microangiopathy [7].
ADAMTS-13 levels and ultra-large vWF multimers in patients
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Fig. 1 - Iodine perfusion map-arterial phase. Focal-low perfusion zones due to subsegmental arterial small vessels
embolism, localized at the lateral and medial segment of the medium right pulmonary lobe.

with sepsis is inversely correlated, as several studies asserted.
More recently, Bazzan et al. reported significantly reduced
ADAMTS-13 levels in a cohort of COVID-19 patients. They
found that ADAMTS-13 levels below 30% of the normal val-
ues, combined with high plasma vWF levels, predicted an in-
creased risk of death in COVID-19 [8].

Thrombotic events occur in more than 30% of patients
with COVID-19 predominantly affecting the lungs, and are
associated with more severe disease and higher mortality
[1,5]. It is well known how SARS-CoV-2 favors the respiratory
tract, where its entrance into target cells occurs through an
angiotensin-converting enzyme 2 receptor, as well as in other
organs such as the kidneys, heart, brain, and liver [2,5,6].

While PE has been detected in around 5%-14% of COVID-
19 patients [9, 10], it is important to notice that such reported
prevalence likely underestimated the real numbers of COVID-
19-related PE, since CT pulmonary angiography (CTPA) has not
been performed in all cases.

Indeed, in case of suspected PE, conventional CTPA is the
first-line recommended diagnostic method. However, as high-
lighted by the clinical case we have described, its sensitivity in
assessing the involvement of small-diameter (ie, subsegmen-
tal) pulmonary arteries is variable, and provides anatomical
information only. An optimal definition of pulmonary artery

subsegmental branches has been developed with the newest
CT techniques, such as the combination with iodine map in
the DECT method, providing both morphological and detailed
functional information [11].

Therefore, when a PE of subsegmental segments is sus-
pected because of prolonged respiratory distress despite
reduced parenchymal inflammation, further imaging tech-
niques are needed, with lung ventilation/perfusion scintigra-
phy or DECT as possible alternatives, with some difference.

DECT displays pulmonary perfusion defects in good agree-
ment with perfusion scintigraphy [12], but provides more de-
tailed high-quality images of the anatomy of pulmonary circu-
lation. Indeed, analysis from the same datasets demonstrated
to what extension DECT was more accurate than perfusion
scintigraphy in the detection of PE [13,14], and DECT provides
a remarkably sharper delineation of perfusion defects with
lower equivalent radiation [15].

Based on this evidence, our patient underwent first a con-
ventional CTPA but then, because of the persistent respiratory
failure, was further studied with DECT, in order to more accu-
rately search for PE. In our clinical case, the choice to perform
DECT rather than pulmonary scintigraphy was also related to
a simpler and faster access to this diagnostic method, which
is also well reproducible in the follow-up [15].



3182 RADIOLOGY CASE REPORTS 17 (2022) 3179-3184

Axial Mono 40<->lodine (Water)

Ex: 4238 A176
Se:303 GSI

I: 105.00

Im: 257 e

DFOV.35% cm
STND/+/AR50

mA™630 . d
Rot 0.508YHE+ 61.2
0.6mm1.5

Tilt: 0.0 G51~4W-

04:40:45PM
W=400L=40 mm—pag
S o e

Fig. 2 - Iodine perfusion map-arterial phase. Focal-low perfusion zones with irregular and filiform arterial vessels, at
lateral-basal segment of the inferior left pulmonary lobe.

Fig. 3 - pulmonary arterial phase, Chest CT. Complete vessel recanalization, perfusion defects are no longer noticeable.
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DECT is an emerging imaging technique based on the ac-
quisition of data using 2 X-ray energy spectra, high and low
kilovoltage, within a single scan. In fact, if conventional single-
energy examination CT produces only a single set of images,
dual-energy data can be used to reconstruct numerous types
of images, such as weighted average images, material decom-
position images, and electron density mapping that allows
structures with similar density to be distinguished according
to their electron density differences [4].

Employment of an iodine-containing contrast agent im-
proves the signal to noise ratio, and allows quantitative mea-
surement of the contrast agent in the lungs through the gener-
ation of iodine maps as an indicator of pulmonary blood flow
[16]. Tissue discrimination is based on differential attenua-
tion of the radiation beam. Retro-reconstruction is then used
to create a distribution map of the iodinated contrast agent,
which allows us to examine and highlight conditions of the
pulmonary circulation, even at the parenchymal level [16].

Iodine maps increase the specificity of PE detection as well,
enabling a quantitative analysis of the volume of perfusion de-
fect, thereby reducing false positivity and overdiagnosis [17]. It
provides a pulmonary CT angiogram with high spatial resolu-
tion of small vessels and parenchyma at the same time, with
no additional radiation exposure [12].

However, false-negative or false-positive results of DECT
for perfusion or ventilation defects due to motion artefacts
or excessive contrast must be considered as possible method-
ological limitations. Moreover, DECT its use is limited in mor-
bidly obese patients because of the interference with struc-
tural and functional image analysis [18].

Conclusions

In summary, despite some abovementioned limitations, DECT
can provide superior both anatomic and functional informa-
tion in various lung diseases [19]. This tool is particularly use-
ful in COVID-19 with marked or prolonged respiratory distress
after first-line radiological thoracic examination, in order to
determine the predominant underlying pathophysiology and,
hence, individually tailor the therapeutic approach.

Ethics approval and consent to participate

Not applicable.

Patient consent

Written informed consent was obtained from the patient.

Availability of data and materials

Not applicable.
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