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Summary: The recent outbreak of coronavirus disease 2019 (COVID-19) has become a global
epidemic. Corticosteroids have been widely used in the treatment of severe acute respiratory
syndrome (SARS), and the pathological findings seen in severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection are very similar to those observed in severe acute
respiratory syndrome-related coronavirus (SARS-CoV) infection. However, the long-term use
of corticosteroids (especially at high doses) is associated with potentially serious adverse events,
particularly steroid-induced avascular necrosis of the femoral head (SANFH). In today’s global
outbreak, whether corticosteroid therapy should be used, the dosage and duration of treatment,
and ways for the prevention, early detection, and timely intervention of SANFH are some
important issues that need to be addressed. This review aims to provide a reference for health
care providers in COVID-19 endemic countries and regions.

Article Focus: Hormones are a double-edged sword. This review aims to provide
a reference for health care providers in coronavirus disease 2019 (COVID-19) endemic
countries and regions, especially with respect to the pros and cons of corticosteroid use in
the treatment of patients with COVID-19.

Key Messages: In today’s global outbreak, whether corticosteroid therapy should be used,
the dosage and duration of treatment, and ways for the prevention, early detection, and
timely intervention of SANFH are some important issues that need to be addressed.
Strengths and Limitations: Since SARS was mainly prevalent in China at that time,
many evidences in this paper came from the reports of Chinese scholars. There is a bias in
the selection of data, which may ignore the differences in environment, race, living habits,
medical level and so on. SANFH may be the result of multiple factors. Whether the virus
itself is an independent risk factor for SANFH has not been confirmed. In this paper, through
literature retrieval, some reference opinions on glucocorticoid usage, diagnosis and treatment
of SANFH are given. However, due to the lack of large-scale research data support, it can not
be used as the gold standard for the above problems.

Keywords: COVID-19, steroid, necrosis of the femoral head, SARS

Search Strategy and Selection Criteria

We searched the ScienceDirect, PubMed, MEDLINE, and Wiley (between
January 2003, and August 2020) for articles published from the inception of each
database. We used the search terms “SARS” or “COVID-19” in combination with
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the terms (“ARDS” or “respiratory system”) and (“steroid”
or “glucocorticoid” or “steroid-induced”) with (“necrosis
of the femoral head” or “necrosis”). We largely selected
articles published in the past 15 years, but we did not
exclude commonly referenced and highly regarded older
publications. We also searched the reference lists of arti-
cles identified by this search strategy and selected those
we judged relevant.

Introduction

The recent outbreak of the coronavirus disease 2019
(COVID-19) caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) has become a pandemic. It
was found that the amino acid sequence of the spike (S)
protein of SARS-CoV-2 was 76-47% similar to that of
severe acute respiratory syndrome-related coronavirus
(SARS-CoV), but its affinity for angiotensin-converting
enzyme 2 (ACE2) was 10 to 20 times higher than that of
the latter, resulting in rapid transmission between people.'
Huang et al reported that fever (98%) and cough (76%)
were the initial features of the disease. 55% of the patients
developed dyspnea after an average of 8 days of illness
onset, and 29% of the patients developed ARDS 9 days
after illness onset.” The pathological results showed that
ARDS played an important role in the death of COVID-19
patients. Further, autopsy revealed bilateral diffuse alveo-
lar injury with exudation of fibrous mucus and
a mononuclear inflammatory infiltrate dominated by lym-
phocytes in the lung interstitium, which were related to the
cytokine storm induced by overactivation of the immune
system. These findings were very similar to those observed
in SARS-CoV infection.’
widely used in the treatment of severe acute respiratory
syndrome (SARS). During the SARS epidemic of 2003,

corticosteroids were considered to improve the patient’s

Corticosteroids have been

condition in the early stages by reducing fever, reducing
lung inflammatory infiltration, and improving oxygena-
tion; however, long-term use (especially at high doses) is
associated with potentially serious adverse events.* In
a follow-up study, 23.1% (18 of 78) of Chinese patients
with SARS developed steroid-induced avascular necrosis
of the femoral head (SANFH) which was mainly due to
the administration of high-dose glucocorticoids during the
treatment of SARS.> However, most of the studies ignored
the influence of other confounding factors when analyzed
the relationship between steroid and osteonecrosis of the
femoral head(ONFH) retrospectively. There are many fac-
tors to be looked for, such as hemoglobinopathies

(especially sickle cell anemia), autoimmune diseases,
hyperlipidemia, excessive alcohol intake and abuse of
traditional Chinese medicine.® For example, the steroid
dose is positively correlated with the incidence of osteo-
necrosis in systemic lupus erythematosus patients. The rate
of osteonecrosis increased when prednisone-equivalent >
20 mg/d, each 10 mg/d increase was associated with
a 3.6% increase.” In addition, prior osteoporotic status
and vitamin D deficiency of patients can not be ignored.
Gangji confirmed that ONFH is associated with low bone
mineral density.® Inoue reported that the serum concentra-
tion of 1.25 (OH) 2D3 in 18 patients with idiopathic
ONFH (16.7 = 7.9 pg/mL) was significantly lower than
that in the control group (26.9 + 13.7 pg/mL) (P < 0.01),
suggesting the possibility of bone metabolism abnormal-
ities due to abnormal vitamin D3 metabolism as
a background of ONFH.’ It has also been suggested that
SARS itself may be an independent risk factor for
ONFH."

The prognosis of untreated SANFH is poor; it often
leads to subchondral collapse in a short time. Timely
diagnosis and treatment can preserve the function of the
hip joint to the maximum extent only if detected in the
carly stages. Hormones are a double-edged sword. In
today’s global outbreak, whether corticosteroid therapy
should be used, the dosage and duration of treatment,
and ways for the prevention, early detection, and timely
intervention of SANFH are some important issues that
need to be addressed. We hope that this review can provide
a reference for health care providers in COVID-19 ende-
mic countries and regions, especially with respect to the
pros and cons of corticosteroid use in the treatment of
patients with COVID-19.

Mechanism of Action of

Glucocorticoids

The inflammation and cytokine storm caused by the immune
response are responsible for the fatal pneumonia after SARS-
CoV infection.'" Cytokines such as interferon gamma (IFN-
v), tumour necrosis factor (TNF), interleukin-1 (IL-1), and
interleukin-6 (IL-6) can cause tissue damage.12 It is well
known that corticosteroids do not directly inhibit viral repli-
cation, but their main effects are anti-inflammatory and
immunosuppressive. Glucocorticoids can inhibit the “cyto-
kine storm” by inhibiting the expression of proinflammatory
proteins such as IL-1, IL-2, IL-6, TNF-a, and IFN-y and the

migration of leukocytes to the sites of inflammation.'?
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Glucocorticoids can also affect lipid metabolism. If the emul-
sification of very low-density lipoprotein cholesterol in the
blood is not complete, it will combine with the lipoprotein
globules which can form fat emboli resulting in blockage of
the peripheral blood vessels and, consequently, ischaemic
necrosis of the bone tissue in the vascular supply area. At
the same time, the free fatty acids produced by hydrolysis of
the fat emboli damage the capillary endothelial cells, cause
diffuse vasculitis, and trigger intravascular coagulation, all of
which aggravate the ischaemic necrosis of bone tissue.'*
Glucocorticoids can also regulate the local blood flow by
regulating the response of the blood vessels to vasoactive
substances, which leads to constriction of the internal artery
of the femoral head resulting in femoral head ischaemia.'” Fu
et al found that the expression of microRNA 596 (miR-596)
in the bone marrow of patients with steroid-induced femoral
head necrosis (FHN) was upregulated, which could hinder
the repair of the osteonecrotic bone by inhibiting the prolif-
eration and osteogenic differentiation of the bone marrow
stromal cells (BMSCs).'® Some basic studies have found that
microRNA-17-5p (miR-17-5p) and miR-210 are related to
the pathogenesis of SANFH.'”"'® Du et al confirmed for the
first time that four sensitive single-nucleotide polymorph-
isms (SNPs), namely, rs3740938, rs2012390, rs1940475,
and rs11225395 of MMPS from the MMP (matrix metallo-
proteinases)/TIMP (tissue inhibitors of MMP) system were
significantly correlated with the increased risk of steroid-
induced FHN in a study conducted in northern China."”
Wang et al considered that —103/CT/CC and —863 AC geno-
types may be risk factors for FHN in patients with SARS.*

Pros and Cons of Glucocorticoid

Therapy

There is no specific drug for the treatment of COVID-19.
Fever, cough, and dyspnoea are the most common symp-
toms of COVID-19. Symptomatic supportive treatment is
still the most effective treatment. ARDS is a serious com-
plication of COVID-19 and the use of glucocorticoids in
the treatment of severe COVID-19 pneumonia and ARDS
is controversial. Herein, we compiled a table including
opinions (Table 1) and research details in the treatment
of COVID-19 pneumonia and ARDS, and present the
points in favour of and against the use of glucocorticoids.

Favor
It is well known that corticosteroids are beneficial in the
treatment of ARDS because they reduce inflammation and

improve the functioning of the lung and extrapulmonary
organs. Experiments on animals have also shown that
inhibition of inflammation can improve the prognosis of
animals infected with SARS-CoV.* Russell et al sum-
marised the clinical evidence indicating that corticoster-
oids can be used in patients with SARS-CoV infection.’’
A large number of retrospective studies have also shown
that the corticosteroids prescribed to the vast majority of
SARS patients may contribute to the regulation of the
inflammatory response and treatment of lung injury.*®
Chen et al, through a retrospective study of 401 patients
with severe SARS, found that the appropriate application
of glucocorticoids in patients with severe SARS can sig-
nificantly reduce mortality and shorten the length of hos-

* A total of 2141 patients with influenza

pital stay.
A (HIN1) viral pneumonia from 407 hospitals in China
kinds of

(25-150 mg/day methylprednisolone or

received  five low-dose  corticosteroids
equivalent)
which significantly reduced the mortality in patients with
PaO,/FiO, < 300 mmHg.40 The genome structure, trans-
mission, and pathogenesis of SARS-CoV-2 are similar to
those of SARS-CoV. In view of the fact that there is no
conclusive evidence at present and there is an urgent need
in clinical practice, the National Health Commission of
China suggests that methylprednisolone should be used
appropriately within a short period of time (3—5 days)
onset of pneumonia and at a dose not exceeding 1-2 mg/
kg/day. This method may achieve a good therapeutic effect
in patients with a strong inflammatory response and acute
progression of the disease observed by lung imaging.*'
Extensive inflammation, which is caused by excessive
activation of proinflammatory cytokines and chemotaxis
of T lymphocytes to the inflammatory site, is the possible
mechanism of the chest tightness and dyspnoea in
COVID-19. Short-term and low-dose corticosteroid treat-
ment can quickly relieve the symptoms of chest tightness
and dyspnoea.*> Some scholars believe that this treatment
should not be limited to severely ill patients because the
early use of corticosteroids can reduce the risk of ARDS in
viral infections.** The utilisation rate of glucocorticoids in
COVID-19 patients reported by many hospitals in China
was 28.0% to 44.9%,**® and even 70% in some critically
ill patients.*” This was due to their experience of treating
patients with similar medications during the SARS-Co-V
epidemic. A retrospective cohort study of 201 patients
with confirmed COVID-19 pneumonia at the Wuhan
Jinyintan Hospital showed that methylprednisolone treat-
ment may be beneficial to patients with ARDS.*® Recent
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multicentre studies have shown that Early administration
of dexamethasone could reduce duration of mechanical
ventilation and overall mortality in patients with estab-
lished moderate-to-severe ARDS.** Although the World
Health Organisation (WHO) does not recommend the rou-
tine use of glucocorticoids in patients with COVID-19,
some scholars believe that the uncertain clinical evidence
should not be the reason for abandoning corticosteroids in
the treatment of COVID-19. At the very least, corticoster-
oids can be prescribed to the right patients at the right
time. For example, in the context of cytokine storms, if
tocilizumab is ineffective, steroid immunosuppression can
be considered.’® The results of a systematic review and
meta-analysis by Yang et al revealed that patients with
a severe illness were more likely to need corticosteroid
treatment.”’ Therefore, it is suggested that in the treatment
of patients with COVID-19, corticosteroids should not be
administered to patients with a mild illness but can be used
in moderate doses in patients with a severe illness to
inhibit the immune response and relieve symptoms.

Opposition

During the SARS outbreak, systemic corticosteroids were
widely used. However, a systematic review of the pub-
lished literature on their application in SARS concluded
that the treatment was not beneficial. In Stockman’s meta-
analysis on the use of steroids in SARS, the idea of using
corticosteroids to treat ARDS was conjectured, for 25
studies were inconclusive and only four were conclusive,
all of which showed that corticosteroid use was harmful.>?
Moreover, corticosteroids may damage the innate antiviral
immune response. If given before virus replication is
controlled, they may delay virus clearance leading to
aggravation of the disease and complications of corticos-
teroid treatment in survivors.>>>* In Wuhu, corticosteroid
therapy is widely used in patients with COVID-19, but
there is no evidence of any clinical benefits from its use in
patients who do not have ARDS.”” In the preliminary data
of a COVID-19 retrospective cohort study in China, cor-
ticosteroids were used more frequently in patients who
died (48%) than in patients who survived (23%).%® Some
people think that most of the patients in the above studies
are critically ill patients with ARDS, and the ability of
steroids to improve the (poor) prognosis in such cases is
overestimated.”” Moreover, health care providers tend to
use corticosteroids for the most critical patients.
Therefore, the presence of a selection bias and confound-
ing factors may result in a biased conclusion. In the

absence of solid scientific evidence, the WHO and
Centers for Disease Control and Prevention (CDC) recom-
mend that corticosteroids should not be routinely used in
the treatment of viral pneumonia or ARDS in patients with
COVID-19 unless otherwise indicated, such as during
asthma, exacerbation of chronic obstructive pulmonary
disease, or septic shock.’” Zha et al reported that 11 out
of 31 patients with COVID-19 received corticosteroid
treatment (40 mg methylprednisolone was administered
once or twice a day within 24 hours of admission for an
average of 5 days). Cox proportional hazard regression
analysis showed that there was no correlation between
corticosteroid treatment and the virus clearance time, hos-
pital stay, or symptom duration.’> In cases where the
advantage is uncertain, the complications are definite. In
one study, 39% patients with SARS developed FHN
within a few months of glucocorticoid treatment.”®
Furthermore, in another study, some patients who received
corticosteroids for less than 4 weeks or received fewer
corticosteroids, too, developed FHN.>’ But some scholars
believe that SARS virus itself is an independent factor for
the occurrence of femoral head necrosis.'® Ksiazek shown
that SARS virus may directly cause ONFH through
S protein.®® In addition, we believe that the strong sys-
temic inflammatory response to release a large number of
inflammatory mediators, patients with varying degrees of
hypoxemia in the course of the disease can also lead to
ONFH. COVID-19 patients may also suffer these patho-
logical processes. So, we think it is irrational to deny the
positive therapeutic effect of glucocorticoids. At least for
those critically ill patients, saving their lives is the most
important thing.

In addition, when evaluating the effect of steroid therapy,
we should not ignore the role of other confounding factors.
Vitamin D3, for example, may have some extra-skeletal
effects, especially on the immune system and lung
function.®’ The main complication of COVID-19 is ARDS
mediated by a variety of mechanisms that may be aggravated
by vitamin D deficiency and tapered down by activation of
the vitamin D receptor.®> Anweiler found bolus vitamin D3
supplementation during or just before COVID-19 was asso-
ciated in frail elderly with less severe COVID-19 and better
survival rate, indicating Vitamin D3 supplementation may be
effective for COVID-19 treatment.®’

Of course, in addition to causing SANFH, other com-
plications caused by hormones can not be ignored.
Osteoporosis, adrenal suppression, hyperglycemia, dysli-
pidemia, cardiovascular disease, Cushing’s syndrome,
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mental disorders and immunosuppression are also serious
side effects in the treatment of systemic corticosteroid.®*
Although high-dose glucocorticoid pulse therapy has
a rapid anti-inflammatory effect, it also increases the neu-
trophil/lymphocyte ratio and D-dimer level, increasing the
risk of thromboembolism.®> For newly diagnosed diabetic
patients, frequent use of glucocorticoids may exacerbate
hyperglycemia.®® Obata et al found that the bacterial infec-
tion rate (25%/13.1%, P = 0.041) and fungal infection rate
(12.7%/0.7%, P < 0.001) during hospitalization in steroid
group were significantly higher than those in non steroid
treatment group.”> There have also been reports about
glucocorticoid caused bacterial endocarditis, strongyloides
or amebic infections that can progress to catastrophic

complications in patients with COVID-19 pneumonia.®”-*®

Glucocorticoid Usage

The sequelae of SARS are closely related to the dosage of
the hormone, duration of hormone use, sensitivity of
patients to the hormone, and method of administration.®”

Maximum Daily Dose

In one study, logistic regression analysis showed that there
was a correlation between the maximum daily dose of
glucocorticoids and FHN, suggesting that adequate control
of the maximum daily dose is necessary.”’ Motomura et al
treated rabbits with 1 mg/kg, 5 mg/kg, 20 mg/kg, and
40 mg/kg methylprednisolone; the incidence of osteone-
crosis was 0%, 42%, 70%, and 96%, 1respectively.71 By
comparison (5 mg/kg/day vs 1 mg/kg/day), Marsh et al
found that osteonecrosis only occurred in the 5 mg/kg/day
group.’? Massardo et al reported that a dose of prednisone
greater than 40 mg/day was positively correlated with
osteonecrosis,”” and the incidence rate increased by 3.6%
for every 10 mg increase in the dose.’

Cumulative Dose

In a retrospective study of 539 SARS patients treated with
corticosteroids, the increased incidence of FHN was asso-
ciated with the total dose of corticosteroids.”* Griffith et al
reported that the risk of FHN was 0.6% in patients receiv-
ing less than 3 g of prednisolone equivalent dose and 13%
for doses greater than 3 g’ Zhao et al observed
a nonlinear relationship between the cumulative dose and
osteonecrosis. When the total dose of methylprednisolone
was less than 5 g, the risk of osteonecrosis was still
relatively low. However, as the total dose increased from
5 g to 10 g, the risk of osteonecrosis increased. The risk

seemed to be the highest when the total dose was about 10
g to 15 g. It is considered that a low cumulative dose of
corticosteroids (methylprednisolone < 5 g) is relatively
safe for patients with SARS. Doctors should avoid using
high-dose corticosteroids, especially those with cumulative
doses > 10 g.”° A study by Rademaker et al suggested that
700 mg prednisolone was the threshold for the occurrence
of femoral head necrosis.”” Michael et al suggested that
cumulative doses > 2000 mg of methylprednisolone, >
1900 mg of hydrocortisone, > 1340 mg of hydrocortisone
equivalent, and > 13,340 mg of corticosteroid therapy
were risk predictors of osteonecrosis.”®

Duration of Medication

Zhao et al reported that the incidence of osteonecrosis was
closely related to the duration of treatment in 1137 patients
with SARS. The rate ratio (RR) of osteonecrosis was 1.29
(95% CI 1.09-1.53, P = 0.003) for every 10 days of
treatment. The relationship was nonlinear. They also
asserted that it was important to reduce the risk of osteo-
necrosis by modifying the duration of corticosteroid
treatment.”®

Individual Differences

Li et al conducted a comprehensive investigation on the
bone and joint complications of patients with SARS and
found that approximately 30% of patients had osteonecro-
sis, but the remaining patients (about 70%), who were
infected with the same type of pathogens, did not show
any complications with the same corticosteroid regimen,””
indicating that there were differences in patients’ suscept-
ibility levels. Shigemura et al found that age was a risk
factor, and the risk of osteonecrosis in adolescents and
adults was significantly higher than that in children.®
Zhao et al found that there was no significant difference
in the risk based on sex (RR 0.01, 95% CI 0.03—-0.06, P =
0.582).7° Kerachian et al suggested that the difference in
the incidence rate may depend on the duration of medica-
tion, dosage, or some potential diseases.'

Timing of Medication

The timing of glucocorticoid administration is very impor-
tant for the prognosis of critically ill patients. Premature
administration of glucocorticoids can inhibit the initiation
of immune defence mechanisms, thus increasing the viral
load and eventually leading to adverse consequences.
Timely administration of glucocorticoids in the early
stage of the inflammatory cytokine storm can effectively
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prevent the occurrence of ARDS.®! The clinical features of
this period are the rapid progress of inflammatory infiltra-
tion and a deterioration in the level of oxygenation. In
other words, if there is a significant progression of the lung
lesions within 48 hours in mildly ill patients, glucocorti-
coid treatment can be considered to prevent untoward
developments in these patients.®?

Righteous Usage

With the increase in treatment doses and duration of glu-
cocorticoids, the probability of developing obvious side
effects is also increasing. Therefore, short-term and low-
dose treatments should be used. Zhao et al considered that
a cumulative dose of methylprednisolone < 5 g and course
of treatment < 30 days were associated with a relatively

low risk of osteonecrosis.”®

According to Shanghai’s
experience in treating COVID-19 patients, the initial
dose of methylprednisolone was 40-80 mg/day for 3
days which was gradually reduced to 20 mg/day. The
total treatment duration was less than 7 days. The safety
of this dose was satisfactory.®* However, it has also been
reported that even low-dose or short-term glucocorticoid
therapy can cause FHN,* and the above protocol was not
followed up. Yang et al found that intermittent treatment is
less likely to cause osteonecrosis in mice than continuous
dexamethasone treatment. This “steroid vacation” method
may be used for reference in clinical use.**

Post Glucocorticoid-Use Plan
Diagnosis

Early diagnosis is necessary for timely treatment because
the treatment options for advanced disease are limited and
many patients of FHN are young and active individuals.
Regular hip monitoring via magnetic resonance imaging
(MRI) should be carried out in high-risk patients as it has
a sensitivity of 93 to 100%.*°> Zhao et al emphasised the
importance of regular screening via MRI. It was found that
in 23 patients with a confirmed diagnosis of FHN, if MRI
was only performed 2 to 3 months after hormone treatment,
the diagnosis in 21 patients would be missed.*® The
reported onset time of FHN after glucocorticoid use is
from 3 weeks to 3 months.*”** Diffusion-weighted MR
images revealed that the diffusion of FHN was significantly
enhanced, which can provide additional information to aid
diagnosis.*® Because the clinical manifestations appear later
than the imaging examination findings, 78.82% of gluco-
corticoid-induced FHN patients complain of pain within 3

years after the commencement of steroid treatment and
10.41%, within 6 years or more. The diagnosis of gluco-
corticoid-induced FHN mainly depends on imaging exam-
ination. MRI should be performed 3, 6, and 12 months after
steroid administration.”® Ren et al suggested that ten main
metabolites containing phosphatidylcholine are closely
related to the early changes of steroid-induced FHN. If the
clinical symptoms and imaging changes are not obvious, the
ten metabolites can be used to monitor steroid-induced FHN
1 week later.”’ Sun et al pointed out that plasminogen
activator inhibitor type 1 (PAI-1) is a sensitive haemogram
for screening high-risk and susceptible populations.”® In
addition, serum levels of complement 3 (C3), C4, inter-
alpha-trypsin inhibitor heavy chain H4, and a-2 macroglo-
bulin may also be potential biomarkers for diagnosing
FHN.” Wei et al found that serum miR-423-5p in patients
with steroid-induced FHN was significantly increased, sug-

gesting a potential role in its diagnosis.”*

Treatment

Without treatment or intervention, FHN may become an
irreversible process. Some medications such as lipid-
lowering drugs, anticoagulants, vasodilators, and traditional
Chinese medicines can reduce the chances of developing
necrosis. Levodopa can reduce osteocyte apoptosis and pro-
mote the repair of necrotic zones by promoting the synthesis
and release of insulin-like growth factor-1 (IGF-1).”
Alendronate sodium can prevent and delay the progression
of FHN by inhibiting the bone resorption capacity of osteo-
clasts and accelerating the apoptosis of osteoclasts.”® Pilose
antler extract can regulate the expression of 110-
hydroxysteroid dehydrogenase (11 B-HSD) in rabbits’
femoral heads and osteoblasts, and promote the proliferation
of osteoblasts.”” Camporesi et al conducted a 7-year follow-
up of patients with SANFH. The results showed that hyper-
baric oxygen (HBO) treatment for 6 weeks significantly
improved the clinical symptoms in SANFH patients. The
HBO environment increases the oxygen concentration in
the blood and reduces bone marrow oedema. In addition, it
also promotes angiogenesis as well as the function of osteo-
blasts and osteoclasts and provides the necessary precondi-
tions for the treatment of SANFH.”® Koren et al considered
HBO to be an effective method for the treatment of
Association Research Circulation Osseous I and II (ARCO
I and IT) FHN in a study in which the patients were followed
up for 11.1 + 5.1 years.”” But the high cost of HBO treatment
may be an important prohibitive factor. Experiments on
animals have revealed that pulsed electromagnetic field
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stimulation can prevent SANFH in rats, and its mechanism
may be related to the decrease in blood lipid levels and
increase in transforming growth factor beta-1 (TGFp-1)
expression.'” Ludwig et al reported that extracorporeal
shock wave therapy (ESWT) of 1-year duration significantly
reduced pain and improved hip joint function, which was
suitable for patients with ARCO I to IIl FHN. ESWT induces
neovascularization and improves the blood supply to the
femoral head by enhancing the expression of vascular
endothelial growth factor (VEGF) in the femoral head.'!
Liu et al retrospectively studied the long-term efficacy of
combined therapy (alendronate sodium, ESWT, and HBO) in
37 patients with SANFH from 2003 to 2015. After 12 years
of follow-up, it was found that comprehensive treatment can
delay or prevent the development of SANFH after SARS.
The combined treatment had different effects on FHN
patients with different ARCO stages, and the greatest benefits
were seen in patients with FHN ARCO 1. Xie et al found
that although most patients received ESWT, HBO, or tradi-
tional Chinese medicine to promote local blood circulation,
these methods had no obvious short-term effects on the
recovery of the femoral head.” At present, significant pro-
gress has been made in the discovery of new ideas for
treatment. Yang et al reported that the expression of gene
COLS5A2 was low in patients with SANFH; hence, COL5A2
may be a promising target in the treatment of SANFH.'*
Alpha-2-macroglobulin  (A2MG) is involved in many
mechanisms of SANFH including coagulation, hyperlipidae-
mia, and free radical and MMP degradation.” The results of
real-time quantitative polymerase chain reaction (RQ-PCR)
in a study showed that the level of serum A2MG in SANFH
patients was significantly lower than that in the control group
(P <0.05). Immunohistochemical staining and Western blot-
ting showed that the expression of 42MG in the necrotic area
of patients with SANFH was significantly reduced (P <0.05).
Therefore, A2MG may become the new target in the treat-
ment of SANFH.'**

Conclusion

Even though there is a debate on the pros and cons of
using steroid, from the perspective of orthopaedics, it is an
indisputable fact that long-term and high-dose steroid use
leads to ONFH. Therefore, we call for judicious use of
corticosteroids in the treatment of COVID-19 patients and
do not recommend it as a routine treatment. For patients
who have received corticosteroid treatment, bisphospho-
nates, anticoagulants, vasodilators, and traditional Chinese
medicine combined with ESWT, HBO, and other physical

therapies can be considered. We reiterate the importance of
regular screening in high risk patients, especially those on
long-term steroids. MRI is the best tool for early detection
of SANFH, and clinicians must take efforts to improve
aware ness regarding the prevention of SANFH. A high
index of suspicion is necessary for patients complaining of
bone and joint pain at typical sites. Patients suspected of
having SANFH should be referred to orthopaedic doctors
in the early stages, and clinicians should try to delay the
progression of osteonecrosis to prevent FHN from affect-
ing the daily life of patients.
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