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Abstract 

Background  Necrotizing myopathies and muscle necrosis can be caused by immune-mediated mechanisms, drugs, 
ischemia, and infections, and differential diagnosis may be challenging.

Case presentation  We describe a case of diabetic myonecrosis complicated by pyomyositis and abscess caused 
by Escherichia coli. A white woman in her late forties was admitted to the hospital with a 1.5 week history of bilateral 
swelling, weakness, and mild pain of the lower extremities and inability to walk. She had a history of type 1 diabe-
tes complicated by diabetic retinopathy, neuropathy, nephropathy, and end-stage renal disease. C-reactive protein 
was 203 mg/l, while creatinine kinase was only mildly elevated to 700 IU/l. Magnetic resonance imaging of her lower 
limb muscles showed extensive edema, and muscle biopsy was suggestive of necrotizing myopathy with mild inflam-
mation. No myositis-associated or myositis-specific antibodies were detected. Initially, she was suspected to have 
seronegative immune-mediated necrotizing myopathy, but later her condition was considered to be explained better 
by diabetic myonecrosis with multifocal involvement. Her symptoms alleviated without any immunosuppressive 
treatment. After a month, she developed new-onset and more severe symptoms in her right posterior thigh. She 
was diagnosed with emphysematous urinary tract infection and emphysematous myositis and abscess of the right 
hamstring muscle. Bacterial cultures of drained pus from abscess and urine were positive for Escherichia coli. In addi-
tion to abscess drainage, she received two 3–4-week courses of intravenous antibiotics. In the discussion, we compare 
the symptoms and findings typically found in pyomyositis, immune-mediated necrotizing myopathy, and diabetic 
myonecrosis (spontaneous ischemic necrosis of skeletal muscle among people with diabetes). All of these diseases 
may cause muscle weakness and pain, muscle edema in imaging, and muscle necrosis. However, many differences 
exist in their clinical presentation, imaging, histology, and extramuscular symptoms, which can be useful in determin-
ing diagnosis. As pyomyositis often occurs in muscles with pre-existing pathologies, the ischemic muscle has likely 
served as a favorable breeding ground for the E. coli in our case.

Conclusions  Identifying the etiology of necrotizing myopathy is a diagnostic challenge and often requires a mul-
tidisciplinary assessment of internists, pathologists, and radiologists. Moreover, the presence of two rare conditions 
concomitantly is possible in cases with atypical features.
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Background
Necrotizing myopathy is an umbrella term for a broad 
group of rare diseases, including immune-mediated 
necrotizing myopathy (IMNM), and necrotizing myopa-
thy caused by drugs, muscle dystrophies, and infections 
[1]. The differential diagnosis includes diabetic myone-
crosis, which is a vaguely understood, rather rare, and 
underdiagnosed complication of poorly controlled diabe-
tes [2]. Necrotizing myopathies and diabetic myonecrosis 
represent a diagnostic challenge to neurologists, rheu-
matologists, and other internists, as defining the cause of 
muscle necrosis is not always straightforward [1].

We describe a case of diabetic myonecrosis compli-
cated by pyomyositis and abscess caused by Escherichia 
coli, initially suspected to be IMNM. We compare the 
symptoms and findings typically found in these three 
entities, aiming to support clinicians with a similar diag-
nostic challenge.

Case presentation
A white woman in her late forties presented to the 
emergency department with a 1.5-week history of pain 
and stiffness in both of her thighs. Her medical history 
revealed hypertension and childhood-onset type 1 diabe-
tes complicated by retinopathy, neuropathy, nephropathy, 
and end-stage renal disease (ESRD). She had no relevant 
surgical history. Despite her illnesses, she worked full-
time in a white-collar job. The pain and stiffness in her 
thighs had gradually worsened and limited her ability to 
walk. In the clinical examination, she had reduced mus-
cle strength in her lower extremities, especially in hallux 
extension and flexion as well as ankle dorsiflexion and 
plantarflexion. She had no symptoms in her upper limbs 
or trunk, no joint or respiratory symptoms, and no rash 
suggestive of dermatomyositis. Her temperature was 
37.9  °C, and her laboratory values showed an elevated 
C-reactive protein (CRP) level of 203 (reference range < 4) 
mg/l, slightly elevated creatinine kinase (CK) of 700 
(reference range 35–210) IU/l, and myoglobin of 1011 
(reference range < 50) μg/l. Her urine sample showed sig-
nificant microscopic hematuria, pyuria, and a positive 
culture for Escherichia coli without any local symptoms 
of urinary tract infection.

Her muscle symptoms were examined further by 
myositis-protocol magnetic resonance imaging (MRI) of 
her lower limbs, which revealed edema in the muscles of 
her hips, thighs, shins, and calves, without any significant 
muscle atrophy or fatty replacement (Fig.  1). Her serol-
ogy was unremarkable, with no antinuclear antibod-
ies, myositis-associated or myositis-specific antibodies 
[including anti-3-Hydroxy-3-methylglutaryl-coenzyme 
A reductase (HMGCR) and anti-signal recognition 

particle (SRP) antibodies], or signs of viral hepatitis B 
or C. Muscle biopsy of the left vastus medialis showed 
extensive necrosis with only mild inflammatory changes 
(Fig.  2). Muscle fiber regeneration and mild endomy-
sial fibrosis were present. There was strong infiltration 
of macrophages [cluster of differentiation (CD) 68] and 
myophagocytosis but only a few T lymphocytes (CD3). 
Expression of major histocompatibility complex (MHC)-
I and C5b-9 membrane attack complex (MAC) were 
seen in capillaries and in necrotic muscle fibers, point-
ing toward inflammatory myopathy. IMNM was sus-
pected histologically. Cerebrospinal fluid analysis was 
unremarkable.

She was empirically treated with intravenous cefuro-
xime for 7  days. During the 2-week hospitalization, her 
symptoms alleviated without any immunosuppressive 
therapy, she regained her normal ability to move, and 
her CRP declined to 6 mg/l. She was discharged from the 
hospital and referred to a rheumatologist because of sus-
pected seronegative IMNM.

After a month at the rheumatology appointment, 
the patient presented with a new-onset 5-day history 
of marked swelling, weakness, and mild pain in her leg. 
Clinical examination showed reduced muscle strength 
in the right leg in hip flexion, knee extension and flex-
ion, and ankle dorsiflexion, and marked edema in both 
legs. CRP level was 177  mg/l, and CK was only mildly 
increased to 357  IU/l. She was admitted to the hospital 

Fig. 1  A, B Extensive bilateral symmetric muscle edema 
in the quadriceps muscle at initial presentation in an magnetic 
resonance imaging scan
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for a suspected infection and worsening necrotizing 
myopathy of unknown etiology. She had no fever and 
no urinary or abdominal symptoms. Again, urine sam-
ple showed pyuria, and urine culture was positive for 
Escherichia coli, sensitive to all studied antibiotics. Brain 
computed tomography (CT) showed no abnormalities 
that could explain the weakness of the right leg. A CT of 
the abdomen revealed emphysematous cystitis and pyeli-
tis (Fig.  3), for which she was treated with intravenous 
ertapenem 0.5 g daily. Her blood cultures were negative.

Initially, pharmacological treatment was targeted 
toward IMNM and the infection concomitantly. She 
received oral corticosteroid treatment at a relatively low 
dose of prednisolone 20  mg/day because of the acute 

infection and atypical presentation. She received 2  days 
of intravenous immunoglobulin (total dose 2 g/kg), con-
sidering its beneficial safety profile regarding concomi-
tant infection and insulin-dependent diabetes.

The charts of the first hospital admission were re-
reviewed, and the initial presentation of muscle symp-
toms and findings were considered to be best explained 
by diabetic myonecrosis, although bilateral or multifo-
cal involvement is uncommon [2]. The diagnosis of dia-
betic myonecrosis was supported by the existing risk 
factors for diabetic myonecrosis (poorly controlled dia-
betes, microvascular complications, and ESRD). The ini-
tial symptoms of muscle pain, stiffness, an edema with 
high CRP, and low CK levels were compatible with this 

Fig. 2  A Muscle biopsy shows necrosis, mononuclear inflammatory cells and endomysial fibrosis. Basophilic regenerating muscle fibers 
and few intact muscle fibers are present (hematoxylin and eosin staining). B Myosin heavy chain double staining shows degrading muscle fibers 
and myophagocytosis (slow fibers diaminobenzidine, fast fibers red). C Very mild lymphocytic inflammation in CD3 staining. D CD68 staining shows 
phagocytosis and macrophage infiltration. E Hyaline sclerosis of endomysial capillaries (arrows; periodic acid–Schiff staining). F Complement C5b-9 
membrane attack complex is expressed in necrotic myofibers and in capillaries (scalebar 100 mm).
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condition [3]. The muscle biopsy was also re-evaluated 
and considered to be compatible with diabetic myonecro-
sis. At histological re-evaluation microvascular sclerosis 
was noted, supporting ischemic etiology of myonecrosis. 
Low-dose aspirin and analgesics were started as a treat-
ment for the underlying diabetic myonecrosis, and pred-
nisolone was stopped.

A few days after the second hospitalization, her 
symptoms worsened: her right hamstring became more 
painful, swollen, indurated, and markedly sore. Ultra-
sound of the right thigh showed marked edema and 
emphysema with no apparent abscess in the hamstring 
muscle. These findings were confirmed in a CT scan of 
her right thigh: marked edema and emphysema were 
detected in the caput longum of right biceps femoris 
and semimembranosus muscles (Fig.  4A). The distri-
bution of the air in the muscles was not suggestive of 
necrotizing fasciitis. Because of rather mild and stable 
clinical symptoms, conservative treatment was rein-
forced by a consulting plastic surgeon. In a repeated 
CT scan of the thighs, an abscess of the right hamstring 
was observed (Fig.  4B). The drainage of the abscess 
produced 500 ml of pus, with alleviation of symptoms 
and a decrease in inflammatory markers. The culture of 
the pus was positive for Escherichia coli, sensitive to all 
studied antibiotics.

Intravenous ertapenem was continued for pyomyositis 
and muscle abscess for 3 weeks. Upon discontinuation of 
ertapenem, the patient complained of worsening of mus-
cle pain in the left buttock and right hamstring area. An 
MRI of the pelvis and thighs showed increased edema 
and myonecrosis in the left abductor compartment and 
reoccurring compartmentalized abscesses of the right 

hamstring muscle. Antibiotic treatment with intravenous 
cefuroxime was reintroduced. The plastic surgeon was 
again in favor of conservative treatment, even though 
the abscess could not be drained because of small com-
partments. She recovered slowly with a 4-week course 
of intravenous cefuroxime and physical therapy, and was 
discharged with peroral cefalexin, which was continued 
until further notice as a preventive therapy. A timeline of 
given treatments is shown in Fig. 5.

She developed two more probable episodes of diabetic 
myonecrosis during the following months. First, she 
developed pain, swelling, and stiffness in her left antebra-
chial muscles, and the MRI of the elbow showed muscle 
and subcutaneous edema and possible muscle necrosis 
particularly in brachialis and brachioradialis muscles. 
Later, she had a milder episode of swelling and pain in 
the left distal quadriceps muscle. Both of these episodes 
resolved within a week.

Fig. 3  Emphysematous pyelitis and cystitis in the computed 
tomography of the abdomen

Fig. 4  A Computed tomography of the thighs without contrast 
enhancement showing emphysematous myositis of the hamstring 
muscle in the right thigh. B Intravenous gadolinium-enhanced 
MRI scan of both thighs showing the emphysematous myositis 
and abscess with an enhancing ring and gas bubbles in the right 
biceps femoris muscle, and diabetic myonecrosis in the left 
adductor magnus muscle, with unenhancing intramuscular necrosis 
surrounded by enhancing peripheral reactive muscle edema
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Discussion
We describe a case of diabetic myonecrosis complicated 
by emphysematous pyomyositis and an abscess caused by 
E. coli. Initially, the patient was suspected to have IMNM, 
another cause of necrotizing myopathy. Diabetic myone-
crosis, pyomyositis, and IMNM share common features 
such as muscle pain, swelling and weakness, muscle 
edema in imaging, and muscle necrosis. However, many 
differences also exist in their clinical presentation, dis-
ease course, imaging, histology, laboratory results, and 
extramuscular symptoms (Table  1). The importance of 
prompt diagnosis is emphasized by completely different 
treatment approaches. In addition to these three entities, 
necrotizing myopathy can be caused by other myositides, 
muscle dystrophies, connective tissue diseases, drugs, 
viral infections, and graft-versus-host disease, which 
must be kept in mind in the differential diagnosis [1].

Diabetic myonecrosis, that is, muscle infarction, refers 
to spontaneous ischemic necrosis of skeletal muscle 
among people with diabetes [3]. The exact pathogenesis 
of diabetic myonecrosis remains unknown, but arterio-
sclerosis and diabetic microangiopathy are likely to play 
a role [2]. Many predisposing factors were present in our 
patient, including microvascular complications and end-
stage renal disease [3]. The diagnosis of diabetic myone-
crosis is based on a high level of suspicion in patients 

with diabetes and microvascular complications, and 
acute to subacute onset of swelling, pain, and tender-
ness of muscle(s) [4]. MRI is helpful in diagnosis, and 
muscle biopsy can be used in atypical cases to exclude 
other causes [4]. Although the involvement of only one 
muscle group is the most common presentation, bilateral 
involvement is possible [2]. The extent of our patient’s 
symptoms, that is, presence of edema and weakness 
in both the thighs and calves, is not typical for diabetic 
myonecrosis, but has been described before [5, 6]. This 
uncommon presentation may have contributed to the 
diagnostic delay and suspicion for IMNM in her case.

The patient had E. coli emphysematous pyelitis 
and cystitis, and the infection probably spread to the 
infarcted muscle via a hematogenous route. Pyomyosi-
tis often occurs in muscles with pre-existing patholo-
gies [7], and the ischemic muscle could serve as a 
favorable breeding ground for the E. coli. Anaerobic 
conditions are likely to have induced the facultative 
anaerobe Escherichia coli to ferment glucose, produc-
ing carbon dioxide and hydrogen that may appear as 
gas on imaging [8]. To our knowledge, only one case of 
co-occurrence of emphysematous cystitis and myositis 
has been reported before, also in a diabetic patient and 
caused by E. coli [9].

Fig. 5  Timeline of the events
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The most common pathogen in pyomyositis is 
Staphylococcus aureus, but also other gram-positive, 
gram-negative, and anaerobic bacteria such as group 
A Streptococcus, Escherichia coli, Klebsiella pneumo-
niae, and Clostridioides can be causative [7]. The clinical 
course of pyomyositis has been described as follows [7]: 
an “invasive stage” of usually 10–21  days with onset of 
dull muscle pain, low-grade fever, and localized edema, 
without marked muscular tenderness; a “suppurative 
stage,” with fever, abscess formation with more evident 
muscular mass/swelling, and tenderness in affected mus-
cles; and a “late stage” with severe pain, high fever, sepsis, 
and multiorgan dysfunction with high mortality. The first 
two stages can be identified also in our patient’s history.

The patient was initially suspected to have IMNM. 
However, rather low CK levels and very high CRP lev-
els were not compatible with this condition, as IMNM 
patients typically have only slightly or moderately ele-
vated CRP, and typical CK values rise to several thousand 
IU/l (Table  1). Furthermore, she did not have myositis-
associated or myositis-specific antibodies that are pre-
sent in 80% of patients with IMNM [10]. Moreover, 
her symptoms resolved spontaneously during 2  weeks, 
which led us to consider alternative diagnoses. However, 
the MRI and biopsy findings could have been compat-
ible with seronegative IMNM. In the muscle biopsy, we 
detected immunohistochemical expression of comple-
ment C5b-9 MAC in capillaries and necrotic myofib-
ers. The expression of C5b-9 MAC is used as diagnostic 
support in dermatomyositis as well as in other immune-
mediated inflammatory myopathies [11]. However, the 
capillary C5b-9 MAC reactivity has been shown to be 
present also in non-inflammatory muscle biopsies of dia-
betic patients with microvascular sclerosis [12].

Diabetic myonecrosis reoccurs in 40–50%, mostly in 
another muscle group within 6 months of the initial diag-
nosis, as happened also in our patient [2, 3]. We also con-
sidered the possibility that the reoccurrence was caused 
by re-infection, but diabetic myonecrosis was deemed 
more likely, given the milder course and the involvement 
of new muscle groups. Of note, the possibility of carni-
tine palmitoyltransferase II deficiency, and autosomal 
recessive disorder and a cause of recurrent rhabdomyoly-
sis, was considered, but no genetic testing was done due 
to the patient’s low CK levels and high age of onset.

The main strength in the management of this case 
was the continuous collaboration between doctors 
from internal medicine subspecialties, radiologists, and 
pathologists.

An additional learning point is that, against all odds, 
our case presented with two co-occurring rare muscle 
diseases. Neither diabetic myonecrosis nor pyomyosi-
tis explained all clinical symptoms and findings alone. 

In cases of atypical clinical presentation, misdiagnosis is 
always a reasonable concern, but two or more coexisting 
pathologies can also cause unusual clinical patterns.

Conclusion
Identifying the etiology of necrotizing myopathy may be 
challenging and requires a multidisciplinary assessment 
of internists, pathologists, and radiologists. Moreover, 
the presence of two rare conditions concomitantly is pos-
sible in cases with atypical features.
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