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SARS-CoV-2 (COVID-19) is well known to have extrapulmonary manifestations, including acute renal failure.
While radiologic findings of COVID-19 pulmonary-involvement have been described, renal findings associated
with COVID-19 have not. We present a case of a 38-year-old Afro-Caribbean female diagnosed with COVID-19
whose renal ultrasound showed increased parenchymal echogenicity, decreased global color Doppler signal
with elevated resistive indices, but no large vessel thrombi. Non-targeted renal biopsy demonstrated collapsing
focal segmental glomerulosclerosis (FSGS), likely secondary to COVID-19 infection, which may be a specific
manifestation of this disease that has been predominantly reported in Black patients. We report several findings
on renal ultrasound with duplex Doppler not previously associated with COVID, specifically with FSGS, which in
conjunction can be useful to both the radiologist and the clinician, potentially pointing them in the direction of
this diagnosis and early treatment.

1. Introduction
While pulmonary manifestations of SARS-CoV-2 (COVID-19) are one
of the most common presenting symptoms in affected patients and has
been extensively described in the literature [1–3], COVID-19 also has
significant extrapulmonary manifestations [4]. Renal failure is a rela
tively common extrapulmonary manifestation of COVID-19 with any
where between 0.5 and 19% of patients expressing some degree of acute
renal failure [5]. It is thought to be caused by the viral induced cyto
pathic effect within the proximal convoluted tubule cells of the kidney,
resulting in nephrotic range proteinuria [6]. A case series of 26 patients
in China demonstrated multiple post-mortem findings of intrinsic renal
tubular disease, only two of which exhibited focal segmental glomer
ulosclerosis [7]. Recently, several case reports of surviving patients from
outside of China showed that collapsing focal segmental glomerulo
sclerosis (FSGS) is a culprit of COVID-19 related renal failure, occurring
predominantly in patients of African descent [8–11].
This case contributes to the sparse existing literature regarding
COVID-19 related collapsing FSGS in a living patient by adding radio
logic findings related to the diagnosis, which has been limited in pre
vious case reports. For patients with suspected acute kidney failure,

ultrasound examination is a mainstay when imaging of acute or chronic
renal failure is indicated, according to the ACR Appropriateness Criteria
[12]. In our experience, imaging evaluation is often not needed in
COVID-19 patients, as their renal function frequently improves with
hydration. When indicated, ultrasound provides a quick, non-invasive
assessment of renal cortical echogenicity, renal perfusion via Doppler
imaging, and allows for obstructive uropathy to be quickly excluded,
and this diagnostic examination should not be avoided due to COVID-19
diagnosis. Duplex Doppler imaging evaluates for large vessel clot in
these patients who have contraindications to contrast enhanced CT,
which is important given what is currently known about increased hy
percoagulability in patients with COVID-19 [13,14]. As knowledge of
complications from COVID-19 arise and become more prevalent, radi
ologists need to be aware of their associated imaging findings. These
findings can lead to an appropriate use of non-targeted kidney biopsy
versus conservative therapy while the patient remains infectious. The
abnormal sonographic findings related to this case of FSGS are presented
and correlated to the published pathologic, genetic, and epidemiologic
findings.

* Corresponding author.
E-mail address: kmcgillen@pennstatehealth.psu.edu (K.L. McGillen).
1
TT and KM – Department of Radiology.
2
AD – Department of Medicine.
https://doi.org/10.1016/j.clinimag.2020.11.011
Received 16 August 2020; Received in revised form 14 October 2020; Accepted 2 November 2020
Available online 5 November 2020
0899-7071/© 2020 Elsevier Inc. All rights reserved.

T. Tancredi et al.

Clinical Imaging 71 (2021) 34–38

2. Case report

parenchyma, accompanied by reduced diastolic flow velocities (Fig. 3).
Due to these sonographic and laboratory findings, the differential
diagnosis remained intrinsic renal disease or renal microthrombi, as
large vessel thrombus had been excluded. A non-targeted renal biopsy
was requested as an inpatient and performed by an abdominal radiol
ogist (images not shown) with pathology returning as collapsing FSGS.
The pathologist noted that specifically, it was a collapsing glomerulop
athy, which has been associated with both COVID-19 and HIV. The
typical risk factors including HIV, autoimmune disease, and interferon
therapy had been excluded, and given that the patient had several risk
factors for development of this entity, the final diagnosis of FSGS was
attributed to COVID-19 infection. No evidence of microthrombosis was
seen. The patient was treated with supportive care both for her COVID19 infection and for her FSGS-related renal failure, primarily with daily
intravenous diuresis to maintain fluid balance, and ultimately did not
require dialysis during her stay. The decision was made not to treat the
patient’s FSGS with glucocorticoids, because at the time, the infectious
disease consult team recommended against patients with non-critical
COVID receiving glucocorticoids. She was eventually discharged with
improved dyspnea and cough, and improving but persistent laboratory
signs of renal failure – her creatinine remained elevated at 3.16 (from a
peak of 7.08) and blood urea nitrogen of 28, and she had increased urine
output. In follow-up two weeks after discharge, her creatinine had
improved to 2.4.

A 38-year-old Afro-Caribbean female presented to the emergency
department with a week of progressive dyspnea, cough, fatigue, nausea,
and diarrhea. She denied any sick contacts or potential exposures to
COVID-19. She had a past medical history significant for morbid obesity
status post gastric bypass 15 years prior, well-controlled type two dia
betes, and asthma. Her family history included a sister with end stage
renal disease due to membranous nephritis diagnosed approximately 15
years prior, and a second sister with a recently diagnosed protein-losing
enteropathy.
On presentation, she was afebrile with normal vital signs. Her exam
was significant for bilateral respiratory crackles, 4–5 word conversa
tional dyspnea, and the presence of oral thrush. Laboratory evaluation
demonstrated an elevated creatinine level of 2.4 accompanied by a
significantly low blood urea nitrogen level of 14 (baseline unknown, but
had a serum creatinine of 1 approximately three years previously),
suggestive of intrinsic renal abnormality, as opposed to the more
commonly seen dehydration causes in COVID. In addition, she had
microcytic anemia with a hemoglobin of 9.1 g/dL and mean corpuscular
volume of 60.3 fL. She was lymphopenic with an absolute lymphocyte
count of 0.59. Erythrocyte sedimentation rate (>130 mm/h), C-reactive
protein(13.84 mg/dL), and lactate dehydrogenase (1170 unit/L) were
all elevated. D-dimer was also high at 3.52 μg/mL, as was procalcitonin
at 0.47 ng/mL. An initial chest radiograph was obtained which showed a
patchy multifocal bilateral pneumonia, with atypical infections such as
COVID-19 being within the differential (Fig. 1). An in-house performed
COVID-19 PCR swab was obtained and subsequently returned as
positive.
She was admitted to our hospitals’ dedicated COVID-19 unit. The day
after admission, her glomerular filtration rate continued to worsen
significantly. A urinalysis was obtained and demonstrated >500 mg of
protein; a follow-up 24-h urine protein demonstrated a nephrotic range
proteinuria of 6.7 g. Her proteinuria was thought to be unrelated to her
diabetes given her hemoglobin-A1-C of 6.0. Rheumatologic laboratory
values were remarkable for only a weakly positive ANA (1:320 ratio)
without any other abnormalities. Workup for HIV, Monospot, and hep
atitis were also negative.
A renal ultrasound was performed to evaluate for intrinsic pathology,
which demonstrated increased bilateral renal cortical echogenicity and
loss of corticomedullary differentiation, along with globally diminished
color Doppler flow to the parenchyma (Fig. 2). The kidneys were normal
in size as was the cortical thickness. Duplex Doppler evaluation
demonstrated patency of the major vessels with normal waveforms,
however there were elevated resistive indices throughout the renal pa
renchyma, right side worse than left, and reduced diastolic velocities.
The resistant flow was notable in both the renal arteries and

3. Discussion
To our knowledge, we have documented the sixth case in a living
patient of collapsing focal segmental glomerulosclerosis that was likely
related to or induced by COVID-19 infection, and the first to describe
potentially associated imaging findings of this diagnosis in this popu
lation. Our patient has multiple sonographic findings that, while nonspecific in isolation, were unusual in combination, and point towards
an intrinsic renal tubular disease when seen in the setting of COVID-19
infection. While the findings are not specific enough to sonographically
suggest FSGS, they can help guide management – renal function may not
improve simply with hydration as standard treatment in pre-renal acute
kidney injury, an obstructive process was excluded, and these findings
may sway a clinician towards consideration of non-targeted renal biopsy
earlier in the patients’ hospital course. Radiologists who perform renal
biopsies should be aware of these findings, and after discussion with the
referring clinical team, the biopsy may be indicated to inform the pa
tient’s treatment plan. Glucocorticoids would be the first step in the
treatment of biopsy-confirmed FSGS; however, currently the Infectious
Disease Society of America (IDSA) only recommends glucocorticoids for
hospitalized patients with severe or critical COVID-19. The IDSA has
made the condition recommendation against using glucocorticoids in
hospitalized patients with COVID-19 that is not severe or critical [15].
Patients who fall in that categorization, but have biopsy-proven FSGS,
may benefit from glucocorticoids for renal function alone. Therefore, the
management plan would be altered based on biopsy results and biopsy
should be obtained while the patient is still infectious and not reflexively
be delayed or avoided due to the patients COVID status.
Renal cortical echogenicity has long been used as a marker for
intrinsic renal disease. The normal echogenicity of the renal cortex and
medulla is equal to, or less than, that of normal hepatic or splenic tissue
[16]. As demonstrated in Fig. 2, in our patient the kidneys were quite
hyperechoic compared to the liver and splenic parenchyma. Fibrous
tissue, which can be seen in renal injury, is echogenic as it reflects more
echoes back to the ultrasound transducer than does normal parenchyma
[17]. Both acute and chronic renal injury can have this pattern of
increased cortical echogenicity related to fibrous/inflammatory reaction
[16], however chronic renal failure is often accompanied by cortical
thinning, which was absent in our patient. In addition, the rapidity with
which her renal failure worsened and then improved, which mirrored
the course of her pulmonary COVID symptoms, pointed to a more acute

Fig. 1. Portable AP chest radiograph demonstrating patchy bilateral paren
chymal opacities, a pattern that can be seen in COVID-19 infection.
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Fig. 2. Grayscale (above) and color Doppler (below) ultrasound images of both kidneys performed on a GE LogicQ E9. These show maintained size and cortical
thickness, but increased echogenicity with loss of corticomedullary differentiation and globally decreased color Doppler flow to the parenchyma. (For interpretation
of the references to color in this figure legend, the reader is referred to the web version of this article.)

Fig. 3. Example of duplex resistive indices obtained of the right kidney, with overall velocities obtained bilaterally.
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cause for her renal dysfunction. HIV-associated nephropathy can also
demonstrate increased echogenicity, with decreased corticomedullary
differentiation and may have a normal or enlarged kidney size [18]. The
sonographic appearance of the kidneys in our patient exhibited many
overlapping features with HIV nephropathy, and especially in the setting
of COVID-19, HIV infection must be excluded, as was in our patient.
Renal vein thrombus can also show the associated abnormality of
increased echogenicity accompanied by enlargement, however color
and duplex Doppler evaluation can exclude this, as in our patient [19].
Increased renal parenchymal resistive indices were the second
finding demonstrated in this patient that point towards acute renal
tubular disease. Vascular and color Doppler ultrasound has long been
used to reveal both macroscopic and microscopic abnormalities in renal
blood flow. In particular, evaluation of vascular impedance to flow at
different areas of the renal parenchyma may directly suggesting
microscopic functional or structural changes that provide valuable
diagnostic and prognostic information [20]. A normal resistive index
(RI) in the native kidney is between 0.5 and 0.7 [15], whereas in our
patient RIs measured between 0.75 and 0.85, further supporting either a
microvascular or tubular pathology. Elevated RI have been reported in
diabetic patients [16], however our patient had a normal hemoglobinA1-C, making this cause less likely. It is worth noting that a review
article published by Tublin et al. in 2003 suggests that Doppler wave
forms and resistive indices should be used cautiously when assessing for
intrinsic renal disease, as the multifactorial process that produces the
renal arterial waveform is not completely understood, and limits our
ability to interpret the true meaning of these findings [21].
In addition to the above sonographic abnormalities, the kidneys in
our patient showed decreased color Doppler flow globally to the pa
renchyma. Central vascularity was preserved (Fig. 2) and were grossly
patent. Failure to detect color Doppler blood flow in general should
prompt further evaluation with power Doppler, which is more sensitive
[22]. This is commonly used in evaluation for areas of infarction in renal
transplants, but given the potential for thrombotic complications asso
ciated with COVID-19, should have been considered in our case. Our
institution has instituted limited ultrasound protocols so that our
sonographers are in the patient room the smallest amount of time that is
needed to answer the clinical question. While suboptimal, our lack of
power Doppler ultimately did not affect the decision tree of proceeding
to biopsy.
In addition to the above sonographic findings, it is worth noting that
all six living patients who had biopsy proven collapsing FSGS during
their COVID-19 infection, including the patient of our study, were of
African descent. In addition, one case report noted that both of their
patients were homozygous for apolipoprotein L1 (APOL1), which has
been associated with FSGS in Black patients due to podocyte injury. It is
hypothesized that the COVID-19 infection may act as a “second hit” to
the podocytes that unmasked this underlying disease in this patient
population [8]. With this in mind, our patient was tested for the gene
and was founded to be heterozygous positive. It is possible that the
timing of both FSGS and COVID-19 in our patient was coincidental, but
given her risk factors, the unusual combination of ultrasound findings,
pathology interpretation, and her clinical course, multidisciplinary re
view of this patient was undertaken by pathology, radiology and the
clinical teams. Consensus was that coincidental presence of these two
entities was less likely. Like many of COVID-19 manifestations, it is as of
yet unclear the long-term sequela of this diagnosis and potential need for
dialysis or transplant in the future.

indices, and decreased color Doppler flow. These findings are nonspe
cific, but notable in combination. In the setting of COVID-19 infection,
they can help the radiologist and clinical team refine the differential
diagnosis of the patient’s renal failure, and consider moving to biopsy
when appropriate. Further case series and studies are required to further
evaluate if the ultrasound findings in this report are generalizable to
intrinsic renal failure in COVID-19 patients and to FSGS diagnosis in
patients with COVID-19.
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