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a b s t r a c t 

Coronavirus disease 2019 (COVID-19) may present with pulmonary and extrapulmonary 

manifestations. We present a 41-year-old patient who presented with 1 week of increasing 

dyspnea and fever and initial chest radiography demonstrated bilateral diffuse infiltrates. 

Due to the patient’s progressively worsening symptoms, he was intubated, paralyzed, se- 

dated. He began proning, 100% fractional inspired oxygenation ventilation, and veno-venous 

extracorporeal membrane oxygenation. Computed tomography of the thorax revealed com- 

pletely opacified lungs bilaterally with the exception of a small, aerated apicoposterior seg- 

ment of the left lung. Computed tomography of the head demonstrated several areas of 

hemorrhage, areas of hypodensity consistent with posterior cerebral artery and middle cere- 

bral artery territory infarcts, and findings consistent with transtentorial herniation. Given 

the radiologic findings and nonprogressive clinical status, the family placed the patient on 

comfort care and the patient died within minutes of extubation. As with our patient at the 

time of admission, presenting symptoms and clinical laboratory data provide reliable prog- 

nostic factors for patients with COVID-19. 

© 2021 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) is the single-stranded RNA viral agent that leads to coro-
navirus disease 2019 (COVID-19). SARS-CoV-2 is highly con-
tagious that is primarily spread through respiratory droplets,
fomites, and as a nosocomial infection [1] . Due to the trans-
mission through respiratory droplets, severe pulmonary man-
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ifestations, such as viral pneumonia, dyspnea, and hypoxia,
and acute respiratory distress syndrome (ARDS) may be
present. Patients with COVID-19 may suffer from extrapul-
monary disease which has been shown to include neuro-
logic, renal, gastrointestinal, cardiovascular, and hematologic
manifestations [2] . With regard to neurologic disease, patients
may develop cerebrovascular disease that may be both is-
chemic and hemorrhagic in nature [3–8] . In this case report,
we present a patient who developed severe ARDS and several
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Fig. 1 – Thirty-degree anteroposterior radiograph of the 
chest on the day of admission demonstrating bilateral 
patchy airspace opacities, consistent with multifocal 
pneumonia. A right internal jugular central venous catheter 
is labeled with a yellow arrow. (Color version of figure is 
available online.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 – Supine anteroposterior radiograph of the chest 2 
days after initial presentation demonstrating interval 
worsening of the diffuse bilateral patchy airspace opacities, 
now with apical aeration of the lungs bilaterally and large 
bilateral pleural effusions. A right internal jugular central 
venous catheter is labeled with a yellow arrow. (Color 
version of figure is available online.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

areas of acute cerebral infarct and hemorrhage secondary to
SARS-CoV-2 infection. 

Case presentation 

A 41-year-old Hispanic male with a history of obesity (body
mass index 36.1) and binge-drinking ( > 30 alcoholic beverages
during the weekend) presented in March 2020 to an urgent
care complaining of 1 week of fever, dyspnea, and a nonpro-
ductive cough. Several of the patient’s coworkers were expe-
riencing similar symptoms, however only the patient’s symp-
toms progressively worsened. The patient was transferred to
an outside hospital for worsening symptoms. On arrival to
an outside hospital, the patient was tachypneic, hypoxic with
an oxygen saturation of 88% on room air, and a tempera-
ture of 38.3 °C. C-reactive protein (CRP) and lactate dehydroge-
nase (LDH) were elevated at 273.6 mg/L (reference range: < 8/0
mg/L) and 589 U/L (reference range: 122-225 U/L), respectively.
Chest radiography showed bilateral patchy airspace consol-
idation consistent with pneumonia ( Fig. 1 ). Due to the pa-
tient’s pneumonia and possible ARDS and SARS-CoV-2 in-
fection, the patient was started on hydroxychloroquine, zinc
sulfate, azithromycin, vancomycin, and meropenem. The pa-
tient’s condition began to acutely worsen. He was transferred
to our hospital for possible proning and higher level of care. 

At the time of admission, the patient’s nasopharyngeal
swabbing for SARS-CoV-2 from the outside hospital was
still pending. The patient was intubated, paralyzed with
cisatracurium besilate, and sedated with propofol and fen-
tanyl due to progressive respiratory failure. An arterial blood
gas revealed a blood pH of 7.37 and a partial pressure of oxy-
gen of 113 on fraction of inspired oxygen (FiO 2 ) of 60%. Labora-
tory values for procalcitonin was 0.66 ng/mL (reference range:
< 0.1 ng/mL), CRP of 273.6 mg/L, LDH of 589 U/L, ferritin of 1217
ng/mL (reference range: 30-400 ng/mL), and D-dimer of 1.01
mcg/mL (reference range: < 0.5 mcg/mL). Chest radiography
revealed worsening diffuse, bilateral patchy opacities ( Fig. 2 ).
Norepinephrine was initiated due to a mean arterial pressure
of 64 on admission. 

One day later, the patient’s SARS-CoV-2 test came back
positive. The patient’s ratio of partial pressure of oxygen to
FiO 2 worsened to 88 despite proning and high airway pressure
release ventilation settings. Trial supination results in pro-
found hypoxemia within seconds. The patient began spiking
fevers over 39 °C and experienced episodic hypoglycemia. The
decision to begin venous-venous extracorporeal membrane
oxygenation (V-V-ECMO) was made due to poor lung compli-
ance and oxygenation. The patient was not a candidate for
veno-arterial-venous ECMO. No atrial or ventricular wall de-
fects were identified on transthoracic echocardiography. De-
spite 100% FiO 2 ventilation and V-V-ECMO, the patient contin-
ued to have episodes of significant deoxygenation resulting in
an average oxygen saturation level of ∼75% with several hy-
poxic events as low as 41%. The patient began to experience
significant diuresis of almost 7 L of fluid. Chest radiography
and computed tomography (CT) of the head, thorax, and ab-
domen were ordered to investigate the cause of massive di-
uresis and furthered clinical deterioration. 

Chest radiography demonstrated confluent parenchymal
densities that occupied the entirety of the left and right lungs,
with relative sparing of the left lung apex ( Fig. 3 ). CT of the
head ( Fig. 4 ) revealed a hypodensity in the posterior cerebral
artery territory, likely representing an acute infarct. Another
hypodensity was located in the left thalamus, which may have
represented additional posterior cerebral artery territory in-
farction or leukoencephalopathy secondary to COVID-19. An
additional area of hypodensity within the right temporal lobe
may have represented a right middle cerebral artery territory
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Fig. 3 – Fifteen-degree anteroposterior radiograph of the 
chest 4 days after initial presentation showing confluent 
parenchymal densities occupying almost the entirety of the 
right lung. The left lung is almost entirely opacified with a 
small amount of aerated lung remaining within the 
apicoposterior segment of the left upper lobe. A right 
internal jugular central venous catheter is labeled with a 
yellow arrow. The large bore left-sided catheter, likely 

representing an ECMO catheter, is labeled with a blue 
arrow. (Color version of figure is available online.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

infarction. There were numerous hemorrhagic lesions at the
gray-white matter junction that appear embolic in nature. A
large hypodense region within the left frontal lobe with pe-
ripheral hemorrhage and edema was present. The hemor-
rhage extended to the ventricular system, though the ven-
tricular system did not appear dilated. Mass effect with an
approximate 5 mm midline shift toward the left was noted.
There was apparent effacement of the basal cisterns with dila-
tion of the contralateral temporal horn which was consistent
with transtentorial herniation. 

Occlusion of the posterior segmental branch of the right
upper lobe bronchus, segmental branches of the right lower
lobe bronchus, and left lower lobe bronchus and its segmen-
tal branches were noted on CT of the thorax ( Fig. 5 ). The right
lung was completely opaque. Right-sided air bronchograms
were present. The majority of the left lung was opacified with
the exception of aerated lung in the apicoposterior segment
of the left upper lobe. Small-to-moderate bilateral pleural ef-
fusions were present. CT of the abdomen and pelvis revealed
hyperdense fluid in the right retroperitoneum and right ex-
traperitoneal pelvis and presacral space with asymmetric en-
largement of the right psoas muscle ( Fig. 6 ). This finding was
worrisome for intramuscular hemorrhage. 

Due to the severe neurologic abnormalities demonstrat-
ing extensive ischemic and hemorrhagic disease in the brain,
as well as evidence of transtentorial herniation, the medical
team felt the patient’s prognosis was grim. The patient’s fam-
ily was informed of the imaging findings and felt it was nec-
essary to pursue comfort measures. The patient was extu-
bated, and the patient was pronounced dead several minutes
later. 
Discussion 

SARS-CoV-2, a single-stranded RNA virus that leads to COVID-
19, was labeled a global pandemic by the World Health Orga-
nization on March 11, 2020. It was found to have significantly
greater transmission rate but lower case fatality ratio than
the 2003 SARS-CoV pandemic [1 ,9 ,10] . The SARS-CoV-2 infects
human cells through its densely glycosylated spike proteins
which binds to the angiotensin-converting enzyme 2 receptor
with a much higher affinity than SARS-CoV [11] . These recep-
tors are found predominantly on human alveolar epithelial
cells, though they may also be found in other organ systems
such as endothelial cells, esophageal and intestinal epithe-
lium, and cardiac myocytes [12] . These findings may explain
the extrapulmonary manifestations of SARS-CoV-2 infection. 

The majority of patients with SARS-CoV-2 infection are
either asymptomatic or present with mild upper respiratory
symptoms (sneezing, coughing, dyspnea, rhinorrhea, fatigue,
and fever) approximately 2-4 days following infection [13] .
However, patients may progress to developing symptoms of
severe dyspnea or hypoxia, and ARDS, which has a high mor-
tality rate due to the necessitation for mechanical ventilatory
support, multiorgan involvement, shock, septicemia, and mul-
tiple organ dysfunction syndrome [1] . Pathology specimens re-
veal damage to the type II pneumocytes of the alveolar ep-
ithelium leads to fibromyxoid exudates, fibrinous cords, and
mucus plugging within the bronchioles. These changes impair
oxygen exchange at the level of the alveolar membranes. Coin-
ciding with these changes, there are findings consistent with
ARDS, which include widespread interstitial inflammatory in-
filtrates, severe epithelial damage, and diffuse hyperplasia of
type II pneumocytes [14 ,15] . Other findings, such as acute fibri-
nous and organizing pneumonia and pulmonary intravascular
coagulopathy, may also be present [1] . Furthermore, infection
of the alveolar membrane leads to a local and a systemic in-
flammatory response from excessive cytokine synthesis and
distribution. This mechanism of the cytokine is thought to be
due to activation of inflammatory cells as a result of the accu-
mulation of uncleaved angiotensin II. The excessive cytokines
not only contribute to widespread diffuse alveolar damage,
but also play an important role in the development of a sys-
temic inflammatory response syndrome. Proinflammatory cy-
tokines lead to widespread activation of procoagulant factors
which lead to microthrombi, ARDS, multiple organ dysfunc-
tion syndrome, ischemia and/or infarction, and the high rate
of mortality in patients with severe COVID-19 [1 ,16] . 

Since SARS-CoV-2 is transmitted primarily through
droplets, a significant portion of symptomatic patients will
experience pulmonary radiologic findings. Patients with sus-
pected COVID-19 will typically receive chest radiography in
the initial workup. The majority of SARS-CoV-2-positive pa-
tients have bilateral alterations (˜73%), and more specifically
have findings of reticular alterations (˜63%) or ground-glass
opacities (˜69%) [17] . However, since chest radiographic find-
ings may be absent (˜25%) during the first 0-5 days after
testing positive, CT is considered the most reliable imaging
modality for patients with suspected cases of COVID-19
[17] . Patients referred for CT should undergo noncontrast
material-enhanced chest CT, unless patients require CT pul-
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Fig. 4 – Nonenhanced CT of the head 6 days after initial presentation demonstrates a geographic hypodensity involving the 
left posterior cerebral artery territory (blue arrows in axial images of C, E, and F). Another hypodensity of the right frontal 
lobe is shown with a yellow arrow in A, B, and G. This area also reveals a peripheral hemorrhagic component that extends 
into the ventricular system (green arrows in axial images C, D, and E and coronal and sagittal images of G and H). 
Numerous, scattered hemorrhagic lesions are visualized near the gray-white matter junctions which are consistent with an 

embolic etiology (red arrows). (Color version of figure is available online.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

monary angiography for a suspected pulmonary embolism
[18] . Although, chest radiography may be used for follow-up
imaging. Similar to chest radiography, patients within the
first 4-5 days of infection may have normal CT findings.
A small, but important, subset of patients (1.2%-4.0%) are
observed to have a normal CT of the thorax despite being
symptomatic in the later stage of their infection [19–21] .
Chest CT findings with high incidence ( > 70%) in SARS-CoV-
2-positive patients include ground glass opacities, vascular
enlargement, bilateral abnormalities, lower lobe involvement,
and has a posterior abnormality predilection [18] . Other
findings that are less prominent ( < 70%) may range from
consolidation, opacities, septal, bronchial wall, or pleural
thickening, air bronchograms, cavitating lung lesions, or
pleural or pericardial effusions [18] . Patients may rapidly
progress to ARDS, especially in high-risk patients. ARDS,
which is characterized by acute noncardiogenic pulmonary
edema, hypoxemia, and necessitates mechanical ventilation,
occurs in 33% of hospitalized COVID-19 patients [22] . Of these
patients, approximately 16% die [22] . 

Extrapulmonary features of COVID-19 may complicate or
even be the cause of death for patients infected with SARS-
CoV-2. Patients may develop complications involving renal
dysfunction, gastrointestinal complications, liver dysfunction,
cardiac and mediastinal abnormalities, neurologic complica-
tions, and hematologic abnormalities [1] . Neurological mani-
festations may be benign or severe. Benign neurologic presen-
tations involve headache, hyposmia, and hypogeusia. How-
ever, severe symptoms such as dizziness, ataxia, confusion,
acute ischemic stroke, cerebral venous sinus thrombosis,
or cerebral hemorrhage may occur with the primary infec-
tion [23] . Patients may secondarily develop postinfectious de-
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Fig. 5 – Coronal nonenhanced CT images of the thorax 6 days after initial presentation demonstrates complete opacification 

of the lungs, with relative sparing of the apicoposterior segment of the left upper lobe. Air-filled left upper lobe bronchi are 
indicated by the black arrow. The endotracheal tube is indicated by the green arrow. (Color version of figure is available 
online.) 

Fig. 6 – Axial nonenhanced CT images of the abdomen and pelvis 6 days after initial presentation demonstrating 
hyperdense fluid in the right retroperitoneum extending to the right hemipelvis (orange arrow), displacing the pelvic 
organs laterally to the left. The right psoas muscle is enlarged as compared to the contralateral side, and the distal iliopsoas 
muscle contains a large hematoma (green arrows). The large bore left-sided catheter, likely representing an ECMO catheter, 
is labeled with a blue arrow. (Color version of figure is available online.) 
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myelinating neurological complications such as acute myelitis
and Guillain-Barre syndrome [24 ,25] . Neuroradiologic imaging
may reveal diffuse white matter abnormalities and acute cere-
brovascular disease including intracranial hemorrhage, large-
vessel occlusion, acute or subacute ischemic stroke, and du-
ral venous sinus thrombosis [3–8 ,26 ,27] . The presence of acute
stroke is a strong prognostic marker for a poor outcome in pa-
tients hospitalized with COVID-19 [28] . 

We presented a patient who arrived to our institution and
required rapid advancement of his care based on his acutely
worsening condition. Despite aggressive and invasive mea-
sures to oxygenate the patient with mechanical ventilation
with 100% FiO 2 and V-V-ECMO, the patient’s oxygen saturation
levels and partial pressure of oxygen remained inadequate. 

Prognostication of COVID-19 mortality is currently being
heavily investigated such that patient risk and outcomes may
be further stratified. Some prognostic factors associated with
mortality in patients infected with SARS-CoV-2 include ele-
vated CRP, LDH, and aminotransferases, acute onset of symp-
toms, fever and dyspnea, tachypnea, low oxygen saturation on
admission, and lower platelet count [29 ,30] . Although these
data were published several months following the death of
our patient, it appears that our patient had several significant
prognostic factors associated with increased mortality, such
as elevated CRP, LDH, tachypnea, cerebrovascular disease, low
oxygen saturation on admission, and acutely progressive dis-
ease. 

Conclusion 

SARS-CoV-2 leads to the development of COVID-19, which
predominantly affects the respiratory system. However, in-
creasing evidence demonstrates multisystem disease either
through direct viral infection of systemic organs, via a sys-
temic inflammatory response, or a combination of both mech-
anisms. In the presented patient, aggressive techniques to
improve the patient’s status failed. This patient’s treatment
course highlights the difficulty in treating patients with
COVID-19, especially those who are at higher risk or those
with prognostic factors associated with mortality. 

Patient consent statement 

No consent obtained for this case report as this is a retrospec-
tive study with no patient identifiers. 

Formal consents are not required for the use of entirely
anonymized images from which the individual cannot be
identified—for example, x-rays, ultrasound images, pathology
slides, or laparoscopic images, provided that these do not con-
tain any identifying marks and are not accompanied by text
that might identify the individual concerned. 
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