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Abstract
Gluteal compartment syndrome (GCS) is a rare condition. We present a case of gluteal muscle strain with hematoma formation, methicillin-resistant Staphylococcus aureus (MRSA) superinfection, leading to acute GCS, rhabdomyolysis and acute kidney injury. This combination of diagnoses has not been reported in the literature. A 36-year-old Caucasian male presented with buttock pain, swelling and fever after lifting weights. Gluteal compartment pressure was markedly elevated compared with the contralateral side. Investigations revealed elevated white blood cell, erythrocyte sedimentation rate, C-reactive protein, creatine kinase, creatinine and lactic acid. Urinalysis was consistent with myoglobinuria. Magnetic resonance imaging showed increased T2 signal in the gluteus maximus and a central hematoma. Cultures taken from the emergency debridement and fasciotomy revealed MRSA. He had repeat, debridement 2 d later, and delayed primary closure 3 d after. GCS is rare and must be suspected when patients present with pain and swelling after an inciting event. They are easily diagnosed with compartment pressure monitoring. The treatment of gluteal abscess and compartment syndrome is the same and involves rapid surgical debridement. 

Key words: Compartment syndrome; Rhabdomyolysis; Methicillin-resistant Staphylococcus aureus; Gluteal compartment; Acute kidney injury

© The Author(s) 2016. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Gluteal compartment syndrome (GCS) is rare. Methicillin-resistant Staphylococcus aureus infected GCS with rhabdomyolysis and acute kidney injury has not been reported. Compartment pressure monitoring and magnetic resonance imaging are useful for the diagnosis of this condition. Successful management comprises surgical fasciotomy, debridement together with antibiotics. 
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INTRODUCTION
Gluteal compartment syndrome (GCS) is a rare condition. It may present after prolonged immobilization[1] or after surgical procedures[2-4]. In this report, we present a case of gluteal muscle strain with hematoma formation, secondary bacterial superinfection by methicillin-resistant Staphylococcus aureus (MRSA), leading to elevated compartment pressures, resulting in acute GCS. This led to rhabdomyolysis and acute kidney injury. This combination of diagnoses has not previously been reported in the literature.

CASE REPORT
A 36-year-old healthcare professional presented with increasing right buttock pain, swelling and stiffness for two days. Six days prior, he performed stiff-leg deadlifts with 295lbs, and 2 d prior, he performed seated cable rows with 240lbs. This was an increase from his normal routine. After the cable rows, he developed increasing right buttock pain and swelling and a limp. He had no fever, chills or paresthesias and denied a history of penetrating trauma, use of intramuscular anabolic agents or personal or family history of bleeding diathesis. His past medical history was significant for acute disseminated encephalomyelitis (ADEM) at 24-25 years of age, treated with steroids and intravenous immunoglobulins for 6 mo. Because of this, he had persistent diminished sensation from the T6 dermatome distally. There were no previous episodes of sepsis following dentistry or innocuous trauma.
At the emergency department, he had 40.4 ◦C fever, pulse rate was 124 bpm, respiratory rate was 22 bpm, blood pressure was 131/60 mmHg. Examination revealed warm, erythematous, tender, hard swelling of the right buttock. The left buttock was normal. Right hip motion was limited by pain, with flexion to 45o, abduction to 30o, and internal and external rotation in flexion to 30o. Lower extremity sensibility was symmetrical and unchanged from before. Ankle dorsi- and plantar flexion strength was 5/5 bilaterally. Distal pulses were symmetric. Of note, he demonstrated gross hematuria at the bedside. 
Laboratory tests revealed white blood cell count 20300/µL (normal, 3.9-12.0), 88.9% neutrophils, erythrocyte sedimentation rate 31mm/h (normal, 0-10) and C-reactive protein 17.7 mg/dL (normal, 0.0-0.8). Creatine kinase was 740/µL (CK, normal, 21-232, Figure 1A), and potassium was 5.0 mmol/L (normal, 3.5-5.3), ionized calcium was 3.1 mg/dL (normal, 4.2-5.4), phosphate was 2.3 mg/dL (normal, 3.0-4.5) and blood urea nitrogen/creatinine ratio was 11.6 (normal, 12-20), suggestive of rhabdomyolysis. Lactic acid was 2.3 mEq/L (normal, 0.5-2.2), creatinine was 1.72 mg/dL (normal, 0.5-1.5, Figure 1B). Urinalysis revealed moderate blood on macroscopic exam, but only 3 red blood cells/high-power field on microscopic exam, consistent with myoglobinuria. 
Radiographs were unremarkable. Magnetic resonance imaging (MRI) showed gluteus maximus swelling and increased T2 signal, consistent with a high-grade muscle strain, and a central 13 cm × 5 cm area of non-enhancement, suggestive of a hematoma (Figure 2). There was no hip joint effusion. A single dose of vancomycin and ceftriaxone was administered in the emergency room.  Gluteal compartment pressures measured with the Stryker intra-compartmental pressure monitor (Stryker Surgical, Kalamazoo, MI) revealed compartment pressures of 58 mmHg and 4 mmHg for the right and left sides, respectively.
In the operating room, the gluteus maximus compartment was released using a Kocher-Langenback incision. Gross purulence was noted (Figure 3). Fascia over the tensor fascia lata (TFL) and gluteus medius was released and these 2 compartments were found to be uninvolved. The wound was irrigated and packed with wet-to-dry dressings. He was transferred to the intensive care unit for hydration and monitoring of renal function and serial CK (Figure 2). Intraoperative cultures revealed MRSA. Blood cultures were negative. Nasal cultures were negative for MRSA. He was started on vancomycin, cefepime and metronidazole after intraoperative cultures and adjusted to clindamycin based on final sensitivities.
He underwent repeat exploration, irrigation and debridement 2 d later. Necrotic, non-contractile gluteal muscle and cloudy interstitial fluid was noted. A necklace of antibiotic beads (Cobalt PMMA cement, Biomet, Warsaw, IN and 4 g of vancomycin powder) was placed and the wound was dressed with Ioban (3M, St Paul, MN). He underwent a third exploration 3 d later. The wound was clean and delayed primary closure was performed. 
He was discharged the following day and seen in the office 10 d later. The incision had healed with no recurrence. He was discharged from further follow-up. 

DISCUSSION
This patient had a unique combination of: (1) unilateral GCS; (2) MRSA infection of a hematoma; and (3) rhabdomyolysis and acute kidney injury following weightlifting. Possible explanations include: (1) Acute muscle strain with expanding hematoma and bacterial superinfection, leading to elevated intracompartmental pressures; (2) Acute exertional compartment syndrome from acute muscle hypertrophy, causing GCS and late bacterial superinfection; (3) MRSA pyomyositis leading to GCS, and muscle ischemia; (4) Valsalva-related arteriole rupture, leading to an expanding hematoma, elevated intracompartmental pressures and muscle ischemia, and subsequent bacterial superinfection; and (5) Surreptitious intramuscular injection of anabolic agents (which he vehemently denies), community-acquired MRSA superinfection, late compartment syndrome and muscle necrosis. All these hypotheses share a final common pathway of elevated compartment pressures, muscle necrosis and rhabdomyolytic kidney injury.
The temporal relationship of events leads us to believe that the first scenario is the most likely. Acute exertional compartment syndrome is unlikely as he would have presented within hours of exertion with overwhelming signs of compartment syndrome.
This combination of findings has not been reported in the literature. GCS occurs most commonly following immobilization[1,5] because of diminished consciousness related to alcohol or illicit drugs[6], or prolonged surgery, e.g., knee arthroplasty[2], hip arthroplasty[3], abdominal aortic aneurysm repair[7], and bariatric surgery[8]. Less common causes include falls and blunt trauma[9], intramuscular injections[10], and aerobic exercise[11]. 
Infected GCS can occur in tropical pyomyositis[12]. S. aureus is responsible for > 75% of cases and the quadriceps, iliopsoas and gluteal muscles are most commonly affected. In these cases, it is believed that exercise elevates intracompartmental pressure with subsequent bacterial seeding[12]. Infected GCS can also occur with Group A Streptococcus pyogenes (GAS) infection. This usually occurs in immunocompetent individuals and mortality is lower than expected (15%) with other GAS infections because of earlier detection and debridement[13]. 
Iatrogenic bacterial seeding causing GCS can occur after intramuscular injection[10] or acupuncture. The risk is increased in anticoagulated patients, patients with bleeding diathesis, immunocompromised patients, and those with diabetes mellitus. 
Acute exertional rhabdomyolysis, acute renal failure, and myoglobinuria after GCS, usually involves multiple other limb compartments[11]. Here, exercise-induced dehydration leads to rhabdomyolysis, while subsequent aggressive fluid resuscitation leads to limb swelling[11]. 
The diagnosis of GCS was made with needle manometry. David et al[14] described the entry points for manometry in the gluteus maximus, gluteus medius-minimus, and the TFL compartments[5]. Most authors advocate using either absolute compartment pressures > 30 mmHg or delta P < 30 mmHg as thresholds for surgical decompression. 
The Kocher-Langenbeck incision provides excellent access to all 3 compartments and preserves femoral head vascularity[14]. Should greater exposure be required, Henry’s “question mark” incision and medial reflection of the gluteus maximus as a “gluteal lid” is a feasible alternative[15]. Buttock soft tissue is pliable, well vascularized and mobile. Delayed primary closure is usually possible. Closure by secondary intention or skin grafting is almost never necessary. Rapid resolution of CK (Figure 1) after fasciotomy is an indicator of successful decompression[11].
	
COMMENTS
Case characteristics
This patient presented with right buttock pain and swelling after working out. 

Clinical diagnosis
Examination revealed tender, hard swelling of the right buttock. 

Differential diagnosis
Differential diagnoses includes compartment syndrome, myositis, cellulitis, necrotizing fasciitis, abscess, septic arthritis, deep vein thrombosis.

Laboratory diagnosis
Elevated serum white blood cell count with left shift, elevated ESR and CRP, elevated creatine kinase, potassium, creatinine and lactic acid. 

Imaging diagnosis
Magnetic resonance imaging showed gluteus maximus swelling and hematoma. 

Pathological diagnosis
Compartment pressures monitoring revealed elevated gluteal compartment pressures.

Treatment
Urgent surgical debridement, fasciotomy and intravenous antibiotics.

Related reports
Gluteal compartment syndrome (GCS) is rare but presents with similar physical findings as compartment syndromes of the leg, thigh and upper extremity. If constitutional signs and signs of local sepsis are present, suspect infected compartment syndrome. 

Experiences and lessons
With methicillin-resistant Staphylococcus aureus superinfection of GCS urgent debridement is necessary to prevent systemic septicemia and tissue necrosis.

Peer-review
The manuscript on the management of the gluteal compartment syndrome due to MRSA infection and abscess is interesting, well-written and does have educational value to both practicing and trainee surgeons.
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Figure 1 Graph of serum creatine kinase with time, showing (A) rapid normalization following surgical decompression, and (B) normalization following surgical decompression and aggressive hydration.
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Figure 2 Magnetic resonance image. A: Axial PD FS MR image showing increased T2 signal in the gluteus maximus, with fluid extension to the trochanteric bursa and semitendinosus bursa, fluid in the deep fascia, and subcutaneous edema. There was no hip joint effusion; B: Coronal contrast-enhanced RT FS MR image showing a central 13 cm × 5 cm area of non-enhancement in the gluteus maximus, suggestive of a hematoma.
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Figure 3 Intraoperative photograph (A) showing buttock swelling prior to surgical release, and (B) following surgical decompression.
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