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The critical role of FDG-PET/CT imaging in assessing systemic
manifestations of COVID-19 infection

Abass Alavi1 & Thomas J. Werner1 & Ali Gholamrezanezhad2

# The Author(s), under exclusive licence to Springer-Verlag GmbH, DE part of Springer Nature 2021

Coronavirus disease 2019 (COVID-19) is an infectious dis-
ease that primarily involves the lungs with associated respira-
tory syndrome but may also demonstrate extrapulmonary/
systemic manifestations throughout the body [1]. The clinical
presentation of this disease includes fever, cough, shortness of
breath, malaise, flu like body ache, abdominal pain, diarrhea,
and loss of smell and taste [2]. The time from exposure to
development of symptoms varies somewhat, but in general,
it is between 2 days and 2 weeks. In addition to pulmonary
symptoms and signs, COVID-19 can manifest with evidence
of inflammation in other organs, including the bowel, liver,
brain, kidneys, and the cardiovascular system [1]. These pa-
tients are also prone to developing cerebrovascular disease as
well as deep vein thrombosis [3].

A variety of blood and imaging tests are performed for the
diagnosis, evaluation of the extent, and the assessment of the
associated complications of the disease. These include immu-
nologic parameters that are the hallmark of this viral infection
and are routinely performed in the affected or at-risk popula-
tion. However, imaging techniques, including chest X-ray and
CT, have been typically employed for detecting and determin-
ing the extent of pulmonary involvement [4]. Chest CT typi-
cally demonstrates multifocal peripheral ground glass opaci-
ties with or without superimposed consolidations in a posteri-
or and basilar predominant distribution [5]. Crazy paving pat-
tern and increased interstitial septal thickening are less com-
mon manifestations of COVID-19 on chest CT. Pleural

effusion and mediastinal lymphadenopathy are not very com-
mon. Chest X-ray findings are less sensitive with bilateral
peripheral and basilar predominant air space opacities
(Fig. 1) [5]. Recently, point-of-care ultrasound (PUS) has
been proposed as an alternative imaging modality for detec-
tion of inflammatory lesions in the lungs.

By now, it is well established that the role of structural
techniques, such as CT, US, and radiography, is suboptimal,
because of their low specificity in assessing many infectious
and inflammatory pulmonary diseases and disorders [6–8].
These shortcomings are also applicable to examining patients
with COVID-19 with these structural imaging modalities.
Therefore, there is a dire need for a technique with higher
sensitivity and specificity for assessing patients with this seri-
ous infection. Furthermore, the information provided by these
techniques are qualitative in nature and lack quantitative re-
sults which are essential for the early detection as well as
response assessment. Therefore, imaging modalities that are
highly sensitive and quantify the degree of disease activity
throughout the body are highly desirable and will provide
the required means to monitor the course of this infection.

Over the past four decades, FDG-PET imaging has been
extensively employed to assess a variety of organ diseases and
disorders [9–11]. While the initial application of this tech-
nique dealt with brain disorders, during the past three decades,
this modality has been extensively promoted for diagnosing
and staging cancer, monitoring response to treatment and de-
tecting recurrence in various malignancies [6]. Furthermore, it
has been established that activated inflammatory cells in any
setting are highly glycolytic and therefore their presence is
readily detected by FDG-PET in various organs in the body.
As such, activated inflammatory cells due to infection will
show substantially enhanced glycolysis and, therefore, can
be readily detected by FDG-PET imaging. By now, the role
of FDG-PET imaging for detecting and characterizing various
inflammatory disorders has been validated in many settings
[12, 13]. This approach has been shown to be of great value in
managing patients with serious infections such as TB and

This article is part of the Topical Collection on Infection and
inflammation.

* Abass Alavi
abass.alavi@pennmedicine.upenn.edu

1 Department of Radiology, University of Pennsylvania, 3400 Spruce
St, Philadelphia, PA 19104, USA

2 Keck School of Medicine, University of Southern California (USC),
Los Angeles, CA, USA

https://doi.org/10.1007/s00259-020-05148-4

Published online: 8 January 2021

European Journal of Nuclear Medicine and Molecular Imaging (2021) 48:956–962

http://crossmark.crossref.org/dialog/?doi=10.1007/s00259-020-05148-4&domain=pdf
mailto:abass.alavi@pennmedicine.upenn.edu


HIV-AIDS. Inflammatory reactions due to noninfectious eti-
ologies have also been studied extensively with this technol-
ogy with great success [14].

FDG-PET imaging can be used to determine the systemic
effects of COVID-19 infection on the entire body (Fig. 2)
[15]. Furthermore, systemic inflammatory response to
COVID-19 infection is known to cause significant damage
to the brain, the lungs, and the bowel while also causing arte-
rial and venous thrombosis [1, 15–17]. In recent years, the
introduction of modern PET imaging instruments which allow
examining the entire body with a single data acquisition is
ideally suited for examining patients with SARS-CoV-2

infection (Fig. 3) [18–21]. As noted above, this infection can
potentially involve different body organs beyond the lungs
and, therefore, imaging the whole body with this approach
will be revolutionary in managing these patients.

Over the past decade, we and other investigators have
employed FDG-PET to detect atherosclerosis and other in-
flammatory diseases of the major arteries in the body
(Fig. 4) [22]. Furthermore, we have noted that venous clots
due to their high concentration of activated white cells are also
readily visualized by FDG-PET (Fig. 5) [23–27]. We believe
this potential application of FDG-PET imaging will likely
play a major role in evaluating and treating patients with

Fig. 1 Axial CT slices (lung window) in two patients with coronavirus
disease 2019 (COVID-19) Reporting and Data System category 5 obser-
vations by all eight observers. a A 30-year-old woman with reverse
transcription-polymerase chain reaction test (RT-PCR) positive for severe
acute respiratory syndrome coronavirus 2 who presented with fever and
cough of 12 days duration. She was discharged after 7 days of inpatient

management, with resolution of symptoms. bA 51-year-old man present-
ed after 8 days of fever, dyspnea, and cough. A clinical diagnosis of
COVID-19 was made due to clinical symptoms and laboratory findings,
despite negative results at repeated RT-PCR tests. This patient was ad-
mitted for 2 days due to hypoxia, with alleviation of symptoms after
5 days (reproduced with permission from Prokop M et al.) [5]

Fig. 2 a The initial PET/CT study
reveals metabolically active lung
infiltrates (black arrows), hyper-
metabolic hilar and mediastinal
lymphadenopathy, and intense
colonic activity (red arrows). b
Follow-up PET/CT with resolu-
tion of lung and GI activity, leav-
ing a metabolically active nodule
that was obscured on the initial
PET-CT by hypermetabolic
COVID-19 pulmonary infiltrate
(arrow). CT, computed tomogra-
phy; GI, gastrointestinal; PET,
positron emission tomography
(reproducedwith permission from
Kidane B et al.) [15]

957Eur J Nucl Med Mol Imaging  (2021) 48:956–962



suspected venous thromboembolic disorders in the near
future.

Since thromboembolism is considered as one of the
major complications of COVID-19 infection, it is likely
that total body PET imaging will allow detection of the
clots throughout the body in the affected population,
leading to early treatment and prevention of pulmonary
embolism in these patients. Therefore, we believe total
body PET imaging will not only allow detection of
pulmonary and extrapulmonary inflammatory process
but also visualization of the clots in the venous system
in the extremities.

It has been well established that FDG-PET imaging
is an effective and sensitive modality for detecting and
characterizing various neurological disorders [28].
Because of its high glycolytic activity, the gray matter
abnormalities including cerebrovascular accidents are
readily detected by FDG-PET imaging. Since patients
with COVID-19 infection suffer from such vascular
complications, it is likely that this imaging modality
will be of great value in assessing cerebrovascular inju-
ries. Also, it is possible that COVID-19–related vascu-
litis can be detected by FDG-PET imaging [29, 30]. In
a recent study, Sollini M et al. evaluated scans of 10

Fig. 3 Delayed imaging for
subject 2 (256 MBq injected, 14-
min scan duration). (Left-to-right)
images from scans performed at
1, 3, 8, and 10 h after injection.
(Top row) MIP images. (Bottom
row) coronal views of thorax and
abdomen. Head motion artifacts
are visible in 8-h scan
(reproducedwith permission from
Badawi RD et al.) [18]
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Fig. 4 Changes in aortic wall and
luminal blood FDG activity at
different imaging time points as
seen on sagittal FDG-PET images
of the thoracic aorta. With time,
luminal blood activity decreases
while the aortic wall activity in-
creases, which improves the arte-
rial wall-to-blood contrast (supe-
rior target-to-background ratio)
(reproducedwith permission from
Moghbel M et al.) [22]

Fig. 5 PECCT initially diagnosed a patient 5 with PE at the right
mainstem pulmonary artery 8 months before the BLE Duplex
diagnosed the patient with acute DVT at the left PV. A repeated BLE
Duplex 2 months later was negative for acute DVT. From the left to the
right are the FDG-PETs 41 days after the PECCT, 47 days before, and
9 days after the positive BLE Duplex, which demonstrate improvement
from 47 days before with visualization of bilateral CF and PV only, and

13 days before and 94 days after the negative BLEDuplex for acute DVT,
which demonstrate progression of visualization of bilateral CF, PV, left
PT, and left peroneal. BLE, bilateral lower extremities; CF, common
femoral; DVT, deep vein thrombosis; PE, pulmonary embolism;
PECCT, chest computed tomography with PE protocol; PT, posterior
tibial; PV, popliteal vein; UE, upper extremity (reproduced with
permission from Zhu HJ et al.) [23]
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patients who had recovered from COVID-19 and
assessed evidence for systemic inflammation by FDG-
PET/CT imaging [30]. These investigators compared
the findings in patients with those of control subjects
with cancer but with negative follow-up FDG-PET/CT
scans. They noted that FDG uptake as measured by
target-to-blood pool ratio was significantly higher in
COVID-19 patients than in controls in the thoracic aor-
ta, right iliac artery, and femoral arteries (Fig. 6). These
data suggest that COVID-19 infection induces vascular
inflammation, which can then be measured by FDG-
PET imaging. FDG-PET is more sensitive than any oth-
er competing imaging technique for detecting vascular
inflammation. Therefore, PET can provide the opportu-
nity of whole-body screening for inflammatory vascular
processes.

One of the major advantages of PET imaging over
other imaging modalities is its ability to quantify diffuse
disease activity in various organs throughout the body
[31–38]. Over the years, we have adopted this technol-
ogy for global assessment of inflammation in the lungs,
atherosclerosis throughout the vascular system, total

body tumor burden in various malignancies, disorders
of the musculoskeletal system, and systemic disorders
such as sarcoidosis (Fig. 7) [29]. Therefore, we believe
that by performing a whole-body PET scan, we will be
able to generate a single number representing the total
body burden of the disease and monitor its course fol-
lowing therapeutic interventions [39]. This approach will
be particularly of great value in evaluating experimental
drugs that are being tested to combat COVID-19 infec-
tion. As such, the potential role of total body quantifi-
cation by this powerful approach appears to be signifi-
cant and may lead to effective management of the af-
fected population.

In conclusion, we believe that total body FDG-PET
imaging of patients with COVID-19 infections will be
of great importance for determining the extent of the
disease and quantifying its severity in various organs.
This will lead to better characterization of this potentially
fatal disease and its systemic complication throughout
the body. But above all, the unique ability of this meth-
odology to quantify disease activity will allow assessing
response to treatment and thereby open new avenues of

Fig. 6 FDG-PET/CT in
recovered SARS-CoV-2 patients.
Example of [18F] FDG bone
marrow uptake in a 50-year-old
female patient with persisting
symptoms (dyspnea and fatigue)
lasting for almost 3 months (MIP
in a). She took only symptomatic
treatment during the acute phase
of infection. Example of FDG
vascular uptake in a 51-year-old
male patient with persisting
symptoms (fatigue) lasting for al-
most 4 months. He developed an
acute respiratory distress syn-
drome, which finally required en-
dotracheal intubation and inva-
sive ventilation. Visually, the
FDG uptake was scored as grade
2 at the ascending aorta (a), the
aortic arch (b), and the descend-
ing aorta (c) (reproduced with
permission from Sollini M et al.)
[30]
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research for drug development for successful manage-
ment of the affected population.
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