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Introduction

The novel coronavirus disease 2019 (COVID-19 pneumo-
nia) patients typically present with fever, shortness of
breath, and cough. However, musculoskeletal complaints
are seldom encountered as red flags. Here, we report the
first presumptive case of COVID-19–associated vertebral

(and also pelvic and femoral) bone marrow necrosis, a rare
disorder that has been associated with malignancies,
sickle cell anemia, and other infections but is yet to be
illustrated through the role of imaging in COVID-19-re-
covered patients.

It is imperative to begin with a few anatomical pearls
pertinent to our case for a comprehensive understanding of
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Abstract We report, herein, a rare case of vertebral bonemarrow necrosis in a patient at 1-month
post–novel coronavirus disease 2019 (COVID-19) pneumonia complicated with dis-
seminated intravascular coagulation (DIC). The commonly observed radiological
features on the imaging modalities like computed tomography (CT), magnetic
resonance imaging (MRI), and 18-F fluorodeoxyglucose positron emission tomography
(FDG PET) have been discussed here followed by a brief discussion on the role of in-
phase and opposed-phase imaging in differentiating the disease from malignant
infiltrative pathologies. Histopathological findings on bonemarrow smear that confirm
the diagnosis have also been illustrated.
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the underlying radiological features (►Fig. 1). Each vertebral
body is supplied mainly by anterior and posterior central
arteries (central arterywhich supplies the vertebral centrum
or body), whereas posterior element is supplied by pre- and
postlaminar arteries. Posterior central arteries converge
slightly posterior to the center of each vertebral body and
supply central and posterior parts of each vertebral body.
Anterior central arteries originate from segmental arteries
directly and supply the anterolateral parts of each vertebral
body. Awatershed area exists in the deep medullary portion
between the anterior and posterior central arteries.1

Case Presentation

A 72-year-old male diabetic and hypertensive patient was
admitted at an outsidehospital, inmid-February of 2021,with
the complaints of fever, cough, anosmia, and ageusia after his
oral andnasopharyngeal swab reverse-transcriptionpolymer-
ase chain reaction (RT-PCR) assay was found to be positive. As
per protocol, he received high-dose steroids, two doses of
remdesivir which was discontinued on account of rising liver
function tests. After spending 5 days there, he was shifted to
our hospital where he received two doses of tocilizumab and
was continued on high-dose intravenous dexamethasone. His
blood sugar was controlled with human active insulin. His
complete hemogram showed a decreasing platelet count
which was tackled with platelet transfusions. Upon further
investigation, it was detected that he had developed dissemi-
nated intravascular coagulopathy (DIC) due to Klebsiella pneu-
moniae sepsis forwhichfilgrastim (for fallingwhiteblood cells
[WBCs]) and meropenem (for Klebsiella) were initiated.

Ten days after his discharge from the COVID-19 unit, he
presented with severe, radiating pain in both gluteal regions
which aggravated both on sitting and walking. He was

admitted in late March 2021 for this complaint and a whole
spine screening magnetic resonance imaging (MRI) was
performed which revealed abnormal marrow signal intensi-
ty in all vertebral bodies. Short-tau inversion imaging (STIR)
and T1-hypointense areas with lack of signal drop on op-
posed-phase gradient images (signal intensity index [SII] of
1.0 or more; SII¼ SI on opposed-phase image/SI on in-phase
image) were noted along the posterior third of all vertebral
bodies. STIR hyperintensity was noted with an appropriate
signal drop (SII<1.0) on opposed-phase gradient images
consistent with viable fatty marrow in the remaining anteri-
or two thirds of the vertebrae (►Figs. 2–5).

Suh et al showed that in- and opposed-phase chemical
shift imaging (CSI) has excellent diagnostic performance for
differentiating benign andmalignant vertebral bonemarrow
lesions with pooled sensitivity of 0.92 and specificity of 0.89.
They found that the proposed signal intensity ratio cut-off
values (opposed-phase–in-phase) were similar (0.8–1) in
seven studies. They concluded that a signal intensity ratio
of <0.8 indicated significant signal drop on opposed-phase

Fig. 1 (A) Axial schematic diagram of blood supply to bony vertebra
showing anterior (AC) and posterior central (PC) arteries; black area
represents watershed area between AC and PC arteries. (B) Midsag-
ittal schematic diagram of two adjacent vertebral bodies with upper
vertebra showing vascular territories of AC and PC arteries and lower
vertebra showing watershed area (WSA; gray circles) in deep med-
ullary portion and end arterial territory (EAT; white circles) near end
plate. Black circles denote areas located within both EAT and WSA and
may represent areas more vulnerable to ischemia.

Fig. 2 (A) STIR mid sagittal image showing hyperintensity in the
anterior two-third and hypointensity in the posterior one-third of the
vertebral bodies. (B) T1 mid sagittal image showing hypointensity in
the posterior one-third of the vertebral bodies.

Fig. 3 Axial T1 (A) and T2 (B) images of L2 lumbar vertebra showing
well-defined hypointensity on both T1 and T2 in the posterior one-
third of the L2 vertebral body.
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images and the presence of bone marrow fat, which favors a
benign condition as fatty replacement, is associated with
acute benign conditions. However, a signal intensity ratio>1
did not always mean that a malignancy is present but stem
from increased amounts of blood and cell water.2

To further evaluate the condition, the patient underwent
18-F fluorodeoxyglucose positron emission tomography–
computed tomography (FDG PET–CT) which demonstrated
abnormalheterogeneousareasof increasedtraceruptake inall
the vertebral bodies (►Fig. 6) and showed mild sclerotic
density with loss of normal trabecular pattern on CT corre-
sponding to the abnormal T1 hypointense areas seen on the
whole spine MRI (►Fig. 7). This was suggestive of an infiltra-
tivemarrow disorder ormetastasis. The differential of avascu-
lar bone marrow necrosis was included to cover the imaging
spectrumofmorphological appearances. FDGuptakehas been

Fig. 6 18-F FDG PET–CT fusion images (A and B) showing hetero-
geneously increased tracer uptake in the posterior parts of vertebral
bodies. CT, computed tomography; FDG PET, fluorodeoxyglucose
positron emission tomography.

Fig. 4 In-phase (A) and opposed-phase (B) images of cervicodorsal
spine showing signal drop on opposed-phase images in the anterior
two-thirds of the vertebral bodies signifying viable fatty marrow.

Fig. 5 In-phase (A) and opposed-phase (B) images of dorsolumbar
spine showing signal drop on opposed-phase images in the anterior
two-thirds of the vertebral bodies signifying viable fatty marrow.
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reported in a case of avascular marrow necrosis by Grigolon
and Delbeke. It is well reported that FDG tracer is taken up in
inflammatoryor infectiousprocesses akin tothe inflammatory
exudates occurring in the pathogenesis of osteonecrosis.3

Sharply defined serpiginous areas of STIR hyperintensity
were also noted in both halves of his pelvis and both femora,
with presence of the well-described “double line sign,” sug-
gestive of avascular bone necrosis (►Fig. 8).

This diagnostic conundrum, therefore, necessitated bone
marrow trephine aspiration and biopsywhich demonstrated
areas of necrosis with neutrophilic debris, lymphohistiocytic
aggregates, and proliferating fibroblasts in an oedematous
background (►Fig. 9). Scattered reactive plasma cells show-
ing immunopositivity for CD138 (cluster of differentiation),
kappa and lambda immunostains were noted. An ill-formed
granuloma comprising of lymphocytes, plasma cells, and few
histiocytic cells was also seen.

COVID-19-associatedbonemarrownecrosishas commonly
been reported with use of glucocorticoids in the conditions
such as acute respiratory distress syndrome (ARDS). Gluco-
corticoids are widely used to hinder the progression of acute
lung injury and ARDS in patientswith severe acute respiratory
syndrome (SARS) and COVID-19.4 A host of studies scrutiniz-
ing the use of steroids in viral respiratory diseases showed
expected complications of avascular necrosis and diabetes,
increasedmortality, and secondary infections in influenza and
reduced clearance of viral particles in SARS and Middle East
respiratory syndrome (MERS) coronavirus outbreaks.5

Patients plagued with the severe form of COVID-19 dis-
ease often find themselves faced with such challenges as

coagulopathies and DIC. Infection-induced endothelial dys-
function causes an excess of procoagulant thrombin with
concomitant shutting down of the fibrinolytic cascade
resulting in a hypercoagulable state which can spur throm-
bosis by increasing blood viscosity and coupledwith hypoxia
can activate the hypoxia-induced transcription factor–de-
pendent signaling. To add to that, prolonged immobilization
in these COVID-19 afflicted patients is associated with a
much higher risk of developing venous thromboembolism.6

Conclusion

Based on the above clinical, radiological, PET, and bone
marrow biopsy findings, we presume that the MRI features
are highly suggestive of diffuse bone marrow necrosis asso-
ciated with COVID-19 infection following treatment with
high-dose pulse steroids. Our case report will help radiol-
ogists to consider bone marrow necrosis as a strong differ-
ential in the current pandemic as more of these kinds of rare
observations of COVID-19marrow involvement get reported.
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Fig. 8 (A, B) Coronal STIR screening sequence of pelvis with both hips
showing well demarcated serpiginous STIR hyperintensity in both
femora with the well-described “double line sign” (yellow arrow).
STIR, short-tau inversion imaging.

Fig. 9 (A, B) Bone marrow trephine biopsy sections (A and B; �40
magnification) with hematoxylin & eosin stain show lymphohistio-
cytic aggregates (black arrow) and areas of necrosis (white arrow)
with neutrophilic debris (yellow arrow) and proliferating fibroblasts in
an oedematous background.
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