KJTMHVHECKVIE CITYHAN T3 N4, 2022 Digital Diagnostics 3
4

DOI: https://doi.org/10.17816/DD110718 .

Peakas nokanusauus aBacKynspHoro Hekposa ekt
npy NleYeHUM HOBOM KOPOHABUPYCHOM UH(PeKL UM
rMIOKOKOPTUKOCTEpOUAaMU
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! Hay4Ho-NpaKTMYECKVIA KIMHUYECKMIA LIEHTP AMArHOCTUKN W TeNIeMeANLIMHCKIX TexHomorui, Mocksa, Poccuitckas ®epepaumst
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AHHOTALUNA

PasBuTie aBaCKyNsPHOr0 HEKPO3a KOCTHBIX CTPYKTYP, MHAYLMPOBAHHOIO fIeHeHUEM HOBOWM KOPOHaBMPYCHOM MH(EKLMM
TMIOKOKOPTUKOMAAMM, ABNSETCA AOBOJILHO PacnpOCTPaHEHHLIM OC/IOXHEHUEM Tepanuu, Npy 3TOM Yallle BCero BCTPeYaeTcs
MnopakeHue rosIoBoK beapeHHbIX KocTeld. CBoeBpeMeHHOe BbisSB/IEHWE aBaCKY/IAPHOTO HEKPO3a BaXHO B paMKax Npodunak-
TUKW PasBUTMSA apTPUTOB M APYrMX OCNOMKHEHWN.

B pabote npeacTaBneH KAMHUYECKUIA CRydaii NALMEHTKM B BO3pacTe 54 NieT, rocnuTajM3vMpoBaHHOW NO NOBOAY HOBOM
KOpOHaBMPYCHON UHQEKLMM, C anobamMu Ha BbipaxKeHHble 60511 B 060MX KOMEHHBIX CycTaBax Yepe3 2 HefeNM OT Hayana
bonesnu. Mo pe3ynbTataM MarHUTHO-PE30HAHCHOM TOMOTPadum Obin BbISBNEH BbIPAXKEHHBIN aBaCKYNAPHBIA HEKPO3 KOCTEN,
(GOpMMPYIOLLMX KONEHHBIN CyCTaB, ¢ 06enx cTopoH. KoHcepBaTuBHasA Tepanus,, BKIIOYakoLLas NpUEM HeCTEPOUIHbIX MPOTMBO-
BOCMaNNUTeNbHbIX MPenapaToB M MHIMOUTOPOB KOCTHOM pe3opbumm 13 rpynnbl 6uchochoHaToB, fana BblpaXeHHbIA NOM0MM-
TeNbHbIN pe3ynbTat. [py NoBTOPHOM ocMoTpe Yepes 3 Mecsua 6one HeT, COXpaHSIOTCA HeOONbLUME OrpaHUYEHUs ABUKEHMIA
B KOJNEHHbIX cycTaBax. [10 JaHHbIM MarHUTHO-Pe30HaHCHOM TOMOrpadmm 060MX KONEHHbIX CYCTaBOB OTMEYEHO 3HAUUTESIbHOE
YMEHbLLEHME PaHee BbISBJIEHHBIX M3MEHEHWM.

MoboyHble 3 deKTbI FMIOKOKOPTUKOMAO0B (HapyLLUEHWEe TOSIEPAHTHOCTM K TJIHOK03€e, NOBLILLEHUE apTepUabHOro AaBJEHMS,
TaXMKapAus, 3p03NBHO-A3BEHHOE NOPAMKEHUE KeNYL0YHO-KULLIEYHOr0 TPaKTa, HapyLUEHWS CHa U Ap.) LUMPOKO M3BECTHBI, 0f1-
HaKO OCTEOHEKPO3 KOCTHbIX CTPYKTYP KOJIEHHbIX CYCTABOB, Bbl3BaHHbIA MPUEMOM CTEPOMAOB, PEAKO MOMNAaAaeT B MoJle 3peHus
KIMHUUMCTOB. MprBEAEHHBIN KITMHUYECKWIA ClyYaii NoYEPKMBAET KOMMEKCHBIN XapaKTep naToreHe3a oCTEOHEKpo3a U Jie-
MOHCTPMPYET LUMPOKMIA CNEKTP OCNOXHEHWI NPK Tepanuu KOPTUKOCTEPOUAAMM.

KnioueBble cnoBa: KIMHWUYECKWIA CNyyaid; aBaCKYNAPHbIA HEKPO3; O0CTEOHEKPO3; KOPOHABUPYCHasA MHGDEKLMS; KONEeHHbIi
CYCTaB; MarHUTHO-pPe30HaHCHas ToMorpadus.
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Rare localization of avascular necrosis during
treatment of COVID-19 with glucocorticosteroids
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ABSTRACT

The development of bony avascular necrosis induced by glucocorticoid treatment of COVID-19 is a common adverse effect,
with femoral head being the most commonly affected. Timely detection of avascular necrosis is important in the prevention of
osteoarthrosis and other complications.

We present a clinical case of a 54-year-old patient hospitalized for novel coronavirus infection with complaints of severe
pain in both knees 2 weeks after the disease onset. Magnetic resonance imaging revealed pronounced changes in both knees,
corresponding to avascular necrosis. The results of conservative therapy, including non-steroidal anti-inflammatory drugs
and bisphosphonate bone resorption inhibitors, produced a pronounced positive result. At follow-up examination 3 months
later, there was no pain, but the knee joints still had slight restrictions of movement. Magnetic resonance imaging showed a
significant decrease in the previously detected changes.

The side effects of glucocorticoids (impaired glucose tolerance, increased blood pressure, tachycardia, gastrointestinal
erosive ulcers, sleep disorders, etc.) are widely known, but knee osteonecrosis caused by steroid intake rarely comes to the
attention of clinicians. This clinical case emphasizes the complex nature of osteonecrosis pathogenesis and demonstrates a
wide range of complications in corticosteroid therapy.
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BACKGROUND

The novel coronavirus infection, discovered in Wuhan,
China, in December 2019, has triggered a global pandemic.
The use of glucocorticosteroids (GCSs) to treat novel
coronavirus infection is pathogenetically justified and
widespread [1]. However, even a single dose of GCS can cause
the development of avascular necrosis [2]. The literature
describes several clinical cases of femoral head avascular
necrosis in patients treated with GCS [3, 4]. However, the
cases of osteonecrosis in other areas, particularly the
knee joints, are mentioned much less frequently [5]. Early
diagnosis of this pathology is critical for preventing arthritis
and other complications [6].

This paper describes a clinical case of avascular necrosis
of the bone structures of both knee joints that developed
while treating coronavirus infection with GCS.

CLINICAL CASE

Patient

A 54-year-old woman with complaints of severe cough
and fever up to 39.5 °C for 6 days was hospitalized with the
novel coronavirus infection. A chest CT revealed lung damage
of >30%. The PCR test for SARS-CoV-2 RNA was positive. The
medical history was insignificant.

During the hospital stay, the patient received parenteral
dexamethasone at a daily dose of 20 mg for 5 days,
followed by a 2-day break and subsequent reintroduction
of dexamethasone at a daily dose of 12 mg for 5 days.
Additionally, the patient received anticoagulant and
antisecretory therapy.

On Day 15 of the disease, the patient experienced severe
pain and substantial limitation of knee joint movement,
which persisted at night. The knee joints were nontender
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on palpation. On Day 17 of the disease, the patient was
discharged because of positive changes. Nonsteroidal anti-
inflammatory drugs (NSAIDs) were recommended for treating
knee joint pain.

Magnetic resonance imaging (MRI) of both knee joints
was performed 1.5 months after hospitalization due to
persistent pain and limited movement in the knee joints.

Instrumental findings

MRI of the left knee joint: lesions in the distal parts
of the femoral diaphysis and femoral condyles (with
involvement of the articular surface) as well as in the
patella, inhomogeneously hyperintense on PD-weighted
(proton-weighted) images with fat suppression and hypo-/
isointense on T1-weighted images (T1WI), with an irregular
(“geographic”) shape and yellow marrow signal areas
visualized in the central parts (Fig. 1). MRI of the right knee
joint: similar lesions of the bone marrow of both femoral
condyles, with involvement of the distal metaepiphysis and
articular surface of the lateral condyle as well as the patella.
A perilesional “double line” sign is visualized over a short
distance for some lesions (Fig. 2).

The following diagnosis was made on the basis of medical
history and identified MRI changes: “Avascular necrosis of the
bone structures of both knee joints.”

Diagnosis and treatment

On the basis of MRI findings, medical history, and clinical
pattern, the patient was diagnosed with avascular necrosis
of the femoral and tibial condyles of both knee joints. Thus,
the following conservative therapy (physiotherapy) was
prescribed: magnet therapy and phonophoresis with NSAID-
containing gel, NSAID therapy (tablets) for pain (as needed),
vitamin D preparations, and bisphosphonate bone resorption
inhibitors.

Fig. 1. Primary MRI of the left knee joint: PDWI with fat suppression in the coronal (a) and sagittal (b) plane and T1WI in the sagittal
plane (c). The arrows indicate areas of bone marrow edema in the form of a heterogeneous, irregularly shaped (“geographic”) MRI

signal of femoral and tibial condyles.
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The therapy resulted in substantial positive changes after 3 Secondary osteonecrosis of knee joint bone structures,
months: The pain had subsided, but some limitations in knee  particularly avascular necrosis, most commonly affects both
joint movement remained (the patient could not do a deep squat). ~ femoral condyles, as in the clinical case presented here.

A follow-up MRI of both knee joints revealed positive  Conversely, primary osteonecrosis affects only one of the
changes: Previously identified lesions had become condyles [8].

substantially less severe (Figs. 3 and 4). Avascular necrosis can develop as a result of GCS treatment,
kidney disease, or hematological diseases. Some authors
DISCUSSION believe that drugs used to treat coronavirus infection, such

as lopinavir and ritonavir, can contribute to the development

The prevalence of osteonecrosis in patients with the novel  of osteonecrosis [9]. In our case, this pathology most likely
coronavirus infection ranges from 5% to 58% [7]. Damage  developed as a result of GCS treatment for coronavirus infection.
is more common to the femoral head than to the bone GCSs, which play an important role in treating novel
structures of the knee joints and other bones. coronavirus infection, are an independent risk factor for

Fig. 2. Primary MRI of the right knee joint: PDWI with fat suppression in the coronal (a) and sagittal (b) plane and TIWI in the sagittal
plane (c). Thick arrows indicate areas of bone marrow edema in the form of a heterogeneous, irregularly shaped (“geographic”) MRI signal
of femoral condyles and patella; thin arrows indicate the “double line” sign in the form of internal hyperintense (granulation tissue) and
external hypointense (osteosclerosis) lines on PDWI.

Fig. 3. Follow-up MRI of the left knee joint: PDWI with fat suppression in the coronal (a) and sagittal (b) plane and T1WI in the sagittal
plane (c). Thick arrows indicate areas of bone marrow edema in the form of a heterogeneous, irregularly shaped (“geographic”) MRI signal
of femoral condyles and patella; the thin arrow indicates the “double line” sign in the form of internal hyperintense (granulation tissue)

and external hypointense (osteosclerosis) lines on PDWI.
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Fig. 4. Follow-up MRI of the right knee joint: PDWI with fat suppression in the coronal (a) and sagittal (b) plane and T1WI in the sagittal
plane (c). Thick arrows indicate areas of bone marrow edema in the form of a heterogeneous, irregularly shaped (“geographic”) MRI signal
of femoral condyles and patella; thin arrows indicate the “double line” sign in the form of internal hyperintense (granulation tissue) and
external hypointense (osteosclerosis) lines on PDWI.

developing avascular necrosis. At the same time, the
pathogenesis of osteonecrosis in these patients is unclear:
In addition to GCS therapy, independent causes may include
vascular thrombosis, adipocyte hypertrophy, fat embolism,
hypercoagulopathy, endothelial destruction, and leukocyte
aggregation [7, 10]. However, we could not find clinical cases
of osteonecrosis due to the above factors in the literature
[7, 9.

No agreement has been made on the duration of
corticosteroid therapy or the dosage that increases the risk
of osteonecrosis. Nonetheless, numerous studies suggest
that controlling the cumulative dose of GCS is important
in developing this pathology [11]. Thus, osteonecrosis of
the bone structures of the knee joint was found to develop
with a cumulative dose of prednisolone ranging from 1.012
to 6.562 g, [12, 13] whereas in other clinical cases, the
cumulative dose of prednisolone was in the range of 0.9-
1.413 g, with an average value of 1.156 g [14]. In our case,
dexamethasone was used at a dose of 20 mg/day, followed
by a decrease to 12 mg/day.

Agarwala et al. [14] describe a case of avascular necrosis
in a 20-year-old woman after using methylprednisolone
for 15 days. The patient experienced pain in the knees on
Day 25 of the disease, with lesions of both condyles and
the patella according to MRI. The same authors describe
a case of a 16-year-old boy who developed pain in both
hip joints and the right knee joint 4 months after the novel
coronavirus infection when treated with methylprednisolone
and dexamethasone for 19 days. In our clinical case,
dexamethasone was used for 10 days with a 2-day break.
The first complaints of knee pain occurred on Day 15 of the
disease (Day 9 of GCS therapy), similar to the case of the
abovementioned female patient, although our patient’s age
differed considerably.

DOI: https://doiorg/1017816/DD110718

Another clinical case refers to avascular necrosis of the
right knee joint in a 78-year-old woman with a history of
bilateral gonarthrosis, more pronounced on the left, as well
as concomitant cardiovascular diseases and obesity [15]. The
treatment included antibacterial drugs, hydroxychloroquine,
antiviral drugs (lopinavir, ritonavir), and oxygen therapy.
Two weeks after discharge, the patient reported that
the pain in the right knee joint had worsened. During this
period, the patient also received GCS therapy for 9 days for
bronchospasm. Seven days later, the patient developed local
edema of the right knee joint. MRI revealed osteonecrosis
of the right femoral medial condyle. GCS therapy cannot
be considered the sole cause of avascular necrosis in this
case; the presence of concomitant diseases is also a risk
factor for developing osteonecrosis. However, the brevity
between coronavirus infection and developing avascular
necrosis suggests an effect of GCS therapy. In our clinical
case, the patient had no other risk factors for developing
avascular necrosis other than taking GCS; however, as in the
example above, arthralgia developed rather quickly during
GCS therapy.

Conversely, the study by Sulewski et al. [16] indicates
insufficient evidence of the direct effect of GCSs on the
development of osteonecrosis. This study analyzed 10
patients with confirmed coronavirus infection and signs of
avascular necrosis. The mean age of the patients was 61
years. Although only four out of ten patients received GCSs,
all of them developed avascular necrosis on Day 14 of the
disease, on average. Li et al. [17] obtained similar data in
a meta-analysis, confirming the theory of multifactorial
pathogenesis of avascular necrosis in patients with the
novel coronavirus infection. A deficiency of angiotensin-
converting enzyme 2, which can cause bone destruction as
well as vascular thromboses, as in the case of osteonecrosis
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development on GCS therapy, is a possible factor in the
development of avascular necrosis in such patients. Thus, no
clear consensus exists regarding the etiology and mechanism
of avascular necrosis development in patients with novel
coronavirus infection.

In our clinical case and cases presented by foreign
authors, the treatment of avascular necrosis is primarily
conservative, with the main goals of relieving pain, slowing
the progression of osteonecrosis, and preventing fractures
and arthritis. At the same time, no generally accepted
treatment scheme is available [18]. In turn, some researchers
confirm that combination therapy with bisphosphonates is
effective for treating osteonecrosis, including in the early
stages, as our clinical case demonstrates [19, 20].

Thus, early identification of patients at high risk of
developing avascular necrosis because of the novel
coronavirus infection is critical in preventing arthritis and
other complications.

CONCLUSION

We present a clinical case of MRI-detected bilateral
avascular necrosis of the bone structures of the knee joint
during treatment of COVID-19 with GCSs. GCS therapy has
well-known side effects, such as impaired glucose tolerance,
increased blood pressure, tachycardia, erosive and ulcerative
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