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Abstract: Steroid myopathy (SM) is a side effect of glucocorticoid administration. Previous reports of
SM after glucocorticoid therapy for respiratory diseases have focused on asthma and chronic obstructive
pulmonary disease in adults or adolescents. To our knowledge, there have been no reports of SM after
treatment with glucocorticoid for diffuse alveolar hemorrhage (DAH) in preschoolers. We present a
4-year-old girl with DAH requiring the treatment with methylprednisolone, who was transferred to the
pediatric intensive care unit (PICU) due to respiratory failure caused by severe pneumonia requiring
mechanical ventilation. When transferred to respiratory department, the strength of the limbs of the patient
decreased, and her lower limbs were paralyzed. We performed relevant examination to rule out juvenile
dermatomyositis and other diseases such as deep venous thrombosis of lower limbs, Guillain-Barre syndrome
that may cause the decline of muscle strength. SM was considered based on the clinical characteristics and
risk factors of the child, so glucocorticoid treatment was tapered following the treatment regimen for DAH
and SM. The muscle strength of the child completely recovered, which further confirmed our diagnosis of

SM. In pediatrics, SM should also be a concern when patients with respiratory disease experience decreased

muscle strength following glucocorticoid therapy.
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Introduction

Steroid myopathy (SM) is a non-inflammatory toxic
myopathy caused by either endogenous or exogenous
excess of steroid, which is mainly characterized by muscle
weakness and muscle atrophy in the proximal extremities (1),
which is a common complication of diseases where
glucocorticoids are the main treatment (2). For respiratory
diseases, previous reports of SM after glucocorticoid
therapy have focused on asthma and chronic obstructive
pulmonary disease in adults or adolescents (3,4). However,
SM rarely occurs in young children with respiratory
disease. To our knowledge, there have been no reports of
SM after treatment with glucocorticoid for diffuse alveolar

hemorrhage (DAH) in preschoolers. In this paper, we report
a case of DAH appearing chronic SM by receiving treatment
of glucocorticoids in a 4-year-old girl and review the clinical
features, diagnosis, treatment and prognosis of SM.

We present the following article in accordance with
the CARE reporting checklist (available at http://dx.doi.
org/10.21037/apm-21-816).

Case presentation

All procedures performed in studies involving human
participants were in accordance with the ethical standards
of the institutional and national research committee

A ORCID: 0000-0002-1247-4209.
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Figure 2 Bloody alveolar lavage fluid.

and with the Helsinki Declaration (as revised in 2013).
Written informed consent was obtained from the patient.
A 4-year-old Chinese girl with unremarkable medical and
developmental history was admitted to the hematology
department due to recurrent anemia for more than 1 year.
The girl’s physical examination at that time, including
assessment of growth and development, was normal
except for pale complexion and hyoxemia. Blood routine
examination revealed severe microcytic hypochromic anemia
(RBC 2.34x10%/L, hemoglobin 60 g/L, MCV 88.5 {L., MCH
25.16 pg) with a reticulocyte count of 12.91%. Osmotic
RBC fragility, Glucose-6-phosphate dehydrogenase were
normal. The anti-human globulin test was negative.
Indirect bilirubin level was within the normal range. Blood
routine examination of both parents was normal, as well.
Bone marrow aspiration was normal. Related laboratory
tests did not support hemolytic or hematopoietic disorders.
During hospitalization, the child had fever, cough and
hyoxemia. This information prompted a high-resolution
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computed tomography (HRCT) of the chest which showed
diffuse bilateral ground-glass opacification, as shown in
Figure 1. We performed a bronchoscopy and found that
the alveolar lavage fluid was bloody, as shown in Figure 2.
Considering the history of anemia, cough, and hypoxemia,
as well as chest CT findings and bloody alveolar lavage
fluid, DAH was suspected. Additional investigations were
performed to rule out possible causes for alveolar bleeding.
Echocardiography and right catheterization showed no
abnormal cardiac anatomy and no evidence of pulmonary
hypertension. The mean pulmonary artery pressure (nPAP)
measured by right catheterization was 18 mmHg. Serum
antibodies to antinuclear antibodies, and antineutrophil
cytoplasmic antibodies (c-ANCA, p-ANCA) were negative.
Goodpasture syndrome was excluded by negative anti-
glomerular basement membrane antibodies, normal
urinalysis, and normal kidney function tests. Pathogen
testing does not support bacterial, fungal, viral or other
infections with specific agents. The diagnosis of DAH was
confirmed, and methylprednisolone (40 mg/d, equivalents
to 2 mg/kg/d) was used intravenously to treat the primary
disease. The patient’s symptoms of hypoxemia and anemia
gradually improved and she was discharged. She continued
to take methylprednisolone tablets orally (40 mg/d,
equivalents to 2 mg/kg/d).

After 3 weeks of treatment with methylprednisolone
(2 mg/kg/d), the patient was admitted to hospital again
due to enteric adenovirus infection characterizing by
diarrhea, abdominal distension, fatigue and poor appetite.
On days 1 through 7 of hospitalization, in addition to oral
methylprednisolone tablets, the patient received supportive
treatment including intravenous fluids for maintaining
water and electrolyte balance and probiotics for regulating
intestinal flora. After treatment, the symptoms of her
intestinal adenovirus infection gradually improved, and
no adenovirus antigen was found in the second stool
examination and no adenovirus antibody was found in
serum antibody examination.

On the 7th hospital day during hospitalization, the child
developed cough, followed by fever, chest pain, progressive
breathing difficulty, skin pallor and hypoxemia. Chest CT
showed exudation of the upper and lower lobes of both
lungs accompanied by consolidation of the lower lobe of the
right lung, as shown in Figure 3. Blood routine examination
suggested high index of infection and low hemoglobin (CRP
42 mg/L, HB 67 g/L). No positive pathogenic bacteria were
found in respiratory tract etiology. On the 9th hospital day,
she developed respiratory failure and was transferred to the
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Figure 3 Exudation of the upper and lower lobes of both lungs accompanied by consolidation of the lower lobe of the right lung (black

arrow). (A) The lung window. (B) The mediastinal window.

AW

Figure 4 Cushing appearance of the patient.

pediatric intensive care unit (PICU). She was subsequently
intubated and put on mechanical ventilation at the PICU.
We treated the child with anti-infection and transfusion of
suspended red blood cells. On the 12th hospital day (the
4th day of being transferred to PICU), she was successfully
liberated from mechanical ventilation and began to receive
oxygen through a nasal catheter. The next day, she was
transferred to general ward of respiratory department for
further treatment. Cushing appearance of the girl gradually
got worse, presenting the appearance of moon face, buffalo
hump, as shown in Figure 4. At the same time, muscle
strength on arms was grade IV, muscle strength on legs was
grade III. We conducted relevant examinations to exclude
diseases such as deep venous thrombosis of lower limbs,
Guillain-Barre syndrome and other diseases that may cause
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decreased muscle strength.

The patient presented with symmetric proximal
muscle weakness and interstitial lung disease, which
partly consistent with juvenile dermatomyositis (5-7).
However, typical dermatomyositis also has the following
manifestations (8): (I) a typical rash should present; (II)
laboratory tests should suggest an elevated serum myosin
level; (III) EMG should present typical triad changes; (IV)
MRI findings such as muscle edema and fatty infiltration
are common; (V) specific autoantibodies can be detected
in the serum. In this case, no typical rash presented, at
the same time, no calf muscle hypertrophy presented,
and Shoulder sign was negative. Blood biochemistry test
showed lactate dehydrogenase (LDH) was increased (LDH
383 U/L), creatine kinase (CK) and myocardial enzyme
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Figure 5 MRI findings on the proximal muscle area. (A) PDW SPAIR sequence; (B,C) T2W-TSE SPIR sequences.

were not increased (CK 149 U/L, CK-MB 7 U/L). The
EMG showed myogenic changes but no dermatomyositis
triad. Myositis autoantibody test was negative. MRI of
both lower limbs showed diffuse muscle edema without
fat infiltration, as shown in Figure 5. Muscle biopsy was
rejected by the parents because it was invasive. The clinical
manifestations and examinations did not meet the diagnostic
criteria of dermatomyositis (8).

SM is one of the manifestations of endogenous Cushing’s
syndrome and a side effect of glucocorticoid therapy (9).
The risk of acquiring a glucocorticoid-induced myopathy
is higher in respiratory distress syndrome, and those who
are physically inactive and in negative nitrogen balance
at the onset of glucocorticoid treatment (10). In this case,
the girl experienced the risks: (I) she has a long history of
methylprednisolone use (5 weeks, 40 mg/d, equivalents
to 2 mg/kg/d), and her Cushing appearance was obvious.
(II) She had respiratory distress syndrome and respiratory
failure in the course of the disease. (III) In the early
stage of the disease, she developed intestinal infection,
and her activity was reduced due to general fatigue.
Considering that the patient had a history of glucocorticoid
use and related risk factors that she experienced, we
were inclined to the diagnose of SM. Therefore, the
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dosage of methylprednisolone we gradually reduced in
accordance with the treatment plan for DAH, which was
also consistent with the treatment principles of SM. The
dosage of methylprednisolone was reduced 4 mg every
1 to 2 weeks. When the dosage was reduced to 12 mg/d
(equal to 0.6 mg/kg/d), we slowed down the reduction of
methylprednisolone. The dosage of methylprednisolone is
shown in Figure 6.

Outpatient follow-up showed that during the reduction
of the dose of methylprednisolone, the patient did not
develop anemia, her oxygen demand gradually decreased,
and muscle strength gradually recovered. When the dosage
was reduced to 8 mg/d (0.4 mg/kg/d), the muscle strength
returned to normal, which confirmed our diagnosis of SM.
The timeline of the case was demonstrated in Figure 7.

Discussion

DAH is a clinical syndrome manifested range from life-
threatening acute respiratory failure to hidden symptoms
such as cough. In most symptomatic cases, hemoptysis,
dyspnea, hypoxemia, and chest radiography alveolar
infiltration are present. Because children won’t cough
up phlegm, hemoptysis may not appear. Anemia is one
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The strength of the limbs decreased
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The muscle strength returned to normal

!

dosage 40 mg 32 mg 28mg | 24mg | 20 mg

12 mg 10 mg 8 mg 6 mg 2mg

2 mg (qod)

duration | 52 days 7 days | 14 days | 11 days | 15 days

20 days

1 month | 1 month | 2 months |3 months 3 months

Figure 6 Dosage of methylprednisolone in the course of disease.

of the important signs in the diagnosis of DAH (11,12).
The treatment of DAH is empirical and ranges from
supportive treatment to high-dose corticosteroids,
immunosuppressants, and plasmapheresis (13).

SM is a non-inflammatory toxic myopathy caused by
either endogenous or exogenous excess of steroid, which is
mainly manifested by muscle weakness and muscle atrophy
in the proximal extremities (1). Clinical manifestations
include: (I) muscle wasting, weakness, and fatigability (1); (II)
symptoms of Cushing’s syndrome, such as diabetes mellitus,
mood disorders, fragile skin and osteoporosis, are often
observed but not always present (14).

The risk of acquiring a SM are as follows: (I) all patients
have a history of glucocorticoid use. The dosage of
glucocorticoid that can cause myopathy varies widely among
patients (10). There have been reports of acute SM with
small doses of steroid hormones at home and abroad (15,16),
especially for fluorinated steroid compounds which are
more likely to cause SM than non-fluorinated formulations
(1,10); (II) a history of hospitalization in intensive care unit
(ICU); (III) the elderly, patients with cancer, respiratory
distress syndrome, and those who are physically inactive and
in negative nitrogen balance at the onset of glucocorticoid
treatment (10).

The diagnosis of SM is a clinical diagnosis. At present,
there are various methods of auxiliary examination for
SM. Muscle biopsy reveals non-specific type II fiber
atrophy and a significant lack of necrosis or regeneration
(1,17,18). In most SM patients, needle electromyography
(EMG) is normal. Only in few patients, EMG reveals a
mild reduction of the amplitude of the motor unit action
potentials with low-grade spontaneous activity (18).
Magnetic resonance imaging (MRI) is another recent
tool for the investigation of myopathy, but no study has
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been conducted to investigate the usefulness of MRI for
diagnosis and monitoring of SM up to now. Laboratory
tests may show elevated levels of serum CK, as well as
significant increases in urinary creatine and 3-methyl-
histidine, but no reliable biomarker that could be utilized
in clinical and research settings to identify SM, track its
progression, and monitor its response to interventions is
available currently (9).

In patients with SM, the utilization of glucocorticoids
should be discontinued or reduced, except the clinical status
of the patient contra-indicates such a change (10).

The clinical manifestations and laboratory tests of
our patient were partly similar to dermatomyositis, but
mostly consistent with the characteristics of SM. In
clinical practice, the differentiation of these two diseases
is very important and directly related to the prognosis of
patients (10), so we reviewed the relevant literature for
differentiation, as is shown in Zable 1.

According to the differential points indicated in the
table, combined with the clinical manifestations, relevant
laboratory tests and related risk factors, we finally diagnosed
SM, and the strength of the child returned to normal after
glucocorticoid reduction, which further confirmed our
diagnosis.

We report a case of chronic SM after glucocorticoid
treatment in a child with DAH. Pediatric respiratory
diseases, such as interstitial lung disease and asthma, require
glucocorticoid therapy. If patients experience decreased
muscle strength during treatment, it is important to be
careful to differentiate between the primary disease or SM
after treatment with glucocorticoid. When SM is suspected,
the use of glucocorticoids should be discontinued or
gradually reduced on the premise that the primary disease is
well controlled.

Ann Palliat Med 2021;10(6):7099-7106 | http://dx.doi.org/10.21037/apm-21-816


javascript:;
javascript:;
javascript:;

7104 Fang et al. SM in a child with DAH

The anti-human globulin test: negative
Indirect bilirubin level: normal;
Bone marrow aspiration: normal.

HRCT of the lungs: diffuse bilateral ground-glass opacification;
The alveolar lavage fluid: bloody

Hemoglobin: steady increase
SPO,: normal

Blood routine : WBC 3.80 *1079/L, HB 67 g/L, N 88.1 %,CRP 42 mg/L;
HRCT: Exudation of the upper and lower lobes of both lungs
accompanied by consolidation of the lower lobe of the right lung

Bultrasonography of both lower extremities: normal
Electromyography: myogenic lesions.

Cranial MRI and enhanced MRI of spinal: normal.

MRI of the limbs: diffuse lesions

Myositis autoantibody test: negative.

Endocrine-related auxiliary examinations: low levels of ACTH, cortisol,
and thyroid function

Hemoglobin: normal

SPO,: normal

Figure 7 The timeline of the case. DAH, diffuse alveolar hemorrhage; MRI, magnetic resonance imaging; HRCT, high-resolution
computed tomography; CT, computed tomography; mPAP, mean pulmonary artery pressure; PICU, pediatric intensive care unit;
EMG, electromyography; ACTH, adrenocorticotropic Hormone; CK, creatine kinase; ALT, alanine aminotransferase; AST, aspartate

aminotransferase; LDH, lactate dehydrogenase.
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Table 1 The differentiation of inflammatory myopathy and steroid myopathy
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Juvenile dermatomyositis

Steroid myopathy

skin rash

Symmetrical proximal muscle
weakness

Cushing’s syndrome

Dose reduction/discontinuation of
glucocorticoid
Muscle enzyme levels

Urinary creatine

Myositis specific antibodies

MRI

Electromyography (EMG)

Muscle biopsy

Heliotrope rash or Gottron sign

Present

Present or absent

Muscle strength will get worse

Muscle enzymes include CK, ALT, AST, LDH and
aldolase (19)

Elevated, but increases further when
glucocorticoid is discontinued

Present (20)

Muscle edema ( high signal intensity areas with
fat suppressed T2-weighted or STIR sequences)
and fatty infiltration ( high signal intensity areas
with T1-weighted sequences) (8)

Fibrillation potentials and positive sharp waves
and Short-duration, small-amplitude, polyphasic
motor units and early recruitment during a
voluntary muscle contraction (8)

Perifascicular atrophy, necrosis, degeneration

Absent

Present

Present

Muscle strength will gradually improve

Normal or slightly elevated (10)

Elevated, but reduces when glucocorticoid is
discontinued

Absent

No study thus far has been conducted
to investigate the usefulness of MRI for
diagnosis and monitoring of steroid
myopathy (9)

Normal or a mild reduction of the amplitude
of the motor unit action potentials with low-
grade spontaneous activity (9)

Nonspecific atrophy of type lIb muscle
fibers (10)

CK, creatine kinase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDH, lactate dehydrogenase; MRI, magnetic

resonance imaging.
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