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Abstract
BACKGROUND
[bookmark: OLE_LINK3119][bookmark: OLE_LINK3120][bookmark: OLE_LINK3127][bookmark: OLE_LINK3123][bookmark: OLE_LINK3124][bookmark: OLE_LINK3239][bookmark: OLE_LINK3238]Musculoskeletal involvement in primary large vessel vasculitis (LVV), including giant cell arteritis and Takayasu’s arteritis (TAK), tends to be subacute. With the progression of arterial disease, patients may develop polyarthralgia and myalgias, mainly involving muscle stiffness, limb/jaw claudication, cold/swelling extremities, etc. Acute development of rhabdomyolysis in addition to aortic aneurysm is uncommon in LVV. Herein, we report a rare case of LVV with the first presentation of acute rhabdomyolysis.

CASE SUMMARY
[bookmark: OLE_LINK3248][bookmark: OLE_LINK3240][bookmark: OLE_LINK3241][bookmark: OLE_LINK3242][bookmark: OLE_LINK3150][bookmark: OLE_LINK3243][bookmark: OLE_LINK3249][bookmark: OLE_LINK3151][bookmark: OLE_LINK3247][bookmark: OLE_LINK3246][bookmark: OLE_LINK3153][bookmark: OLE_LINK3152][bookmark: OLE_LINK3244][bookmark: OLE_LINK3245]A 70-year-old Asian woman suffering from long-term low back pain was hospitalized due to limb claudication, dark urine and an elevated creatine kinase (CK) level. After treatment with fluid resuscitation and antibiotics, the patient remained febrile. Her workup showed persistent elevated levels of inflammatory markers, and imaging studies revealed an aortic aneurysm. A decreasing CK was evidently combined with elevated inflammatory markers and negativity for anti-neutrophilic cytoplasmic antibodies. LVV was suspected and confirmed by magnetic resonance angiography and positron emission tomography with 18F-fluorodeoxyglucose/computed tomography. With a favourable response to immunosuppressive treatment, her symptoms resolved, and clinical remission was achieved one month later. However, after failing to follow the tapering schedule, the patient was readministered 25 mg/d prednisolone due to disease relapse. Follow-up examinations showed decreased inflammatory markers and substantial improvement in artery lesions after 6 mo of treatment. At the twelve-month follow-up, she was clinically stable and maintained on corticosteroid therapy.

CONCLUSION
An exceptional presentation of LVV with acute rhabdomyolysis is described in this case, which exhibited a good response to immunosuppressive therapy, suggesting consideration for a differential diagnosis when evaluating febrile patients with myalgia and elevated CK. Timely use of high-dose steroids until a diagnosis is established may yield a favourable outcome.
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[bookmark: OLE_LINK3098][bookmark: OLE_LINK3097][bookmark: OLE_LINK3255][bookmark: OLE_LINK3254]Core Tip: Musculoskeletal involvement in large vessel vasculitis (LVV) usually manifests as polyarthralgia and myalgias but without elevated creatine kinase (CK) levels. Herein, we report a rare case of LVV with the first presentation of acute rhabdomyolysis. With the use of magnetic resonance angiography and 18F-fluorodeoxyglucose-positron emission tomography/computed tomography, LVV was properly diagnosed. Ultimately, the patient achieved a favourable outcome after timely and persistent use of glucocorticoids. We present a case to supply clues for unusual diagnoses of LVV for febrile patients with myalgia and elevated CK.

INTRODUCTION
[bookmark: OLE_LINK3121][bookmark: OLE_LINK3122][bookmark: OLE_LINK3129][bookmark: OLE_LINK3128][bookmark: OLE_LINK3278][bookmark: OLE_LINK3277][bookmark: OLE_LINK3280][bookmark: OLE_LINK3279]Large vessel vasculitis (LVV) features inflammation of the aorta and its primary branches; giant cell arteritis (GCA) and Takayasu’s arteritis (TAK) constitute the two main variants[1-3]. Patients with LVV share nonspecific constitutional symptoms (e.g., malaise, fever, fatigue, weight loss). Musculoskeletal involvement tends to be subacute, and with the progression of arterial destruction, patients may develop polyarthralgia or myalgias, mainly muscle stiffness/aching, limb/jaw claudication, cold/swelling extremities, paresis, etc. It has been reported that approximately half of GCA patients will present with polymyalgia rheumatica (PMR), usually with an increased C-reactive protein (CRP)/erythrocyte sedimentation rate (ESR), and elevated serum concentrations of hepatic enzymes, especially alkaline phosphatase, can be found in some cases[4]. However, acute development of rhabdomyolysis as the primary finding is uncommon in LVV.

CASE PRESENTATION
Chief complaints
A 70-year-old female patient was admitted to our unit due to a three-year history of low back pain and one month of dark urine, accompanied by fatigue and fever.

History of present illness
[bookmark: OLE_LINK3251][bookmark: OLE_LINK3250]Over the past three years, the patient presented with low back pain and discontinuously underwent therapy with nonsteroidal anti-inflammatory drugs without significant improvement. After taking health care products for one month, the pain scale score increased, and the patient developed limb claudication and dark urine.

History of past illness
[bookmark: OLE_LINK3135][bookmark: OLE_LINK3134]The patient suffered from hypertension and cerebral infarction one year prior and underwent treatment with Lipitor 20 mg once a day and aspirin 100 mg once a day.

Personal and family history
The patient drank occasionally. She had no family history of disease.

Physical examination
The patient had a fever of 38.1 °C, and other vital signs were within the normal range. Pulse inequality, bruits and reduced blood pressure/pulses were not found.

Laboratory examinations
[bookmark: OLE_LINK3269][bookmark: OLE_LINK3270]The laboratory findings were as follows: total protein (58.3 g/L), serum albumin (ALB, 27.7 g/L), alanine aminotransferase (ALT, 211.5 U/L), aspartate aminotransferase (AST, 389.3 U/L), creatine kinase (CK, 11668 U/L), haemoglobin (Hb, 93 g/L), CRP (129.2 mg/L), ESR (100 mm/h), and procalcitonin (PCT, 0.55 µg/L). Antinuclear antibody (ANA), myeloperoxidase-anti-neutrophil cytoplasmic antibody (MPO-ANCA), and proteinase-3-anti-neutrophil cytoplasmic antibody (PR3-ANCA) tests were negative.

Imaging examinations
Chest computed tomography showed bilateral hydrothorax. Brain magnetic resonance images showed mild focal stenosis of the cerebral artery. Carotid artery ultrasound revealed atherosclerotic plaque. Other findings, including electromyography and abdomen ultrasound, were not obviously abnormal.
After an initial diagnosis of rhabdomyolysis, the patient was prescribed fluid therapy and hepatoprotective agents. Although CK and hepatic enzymes decreased 10 d later, the patient continued to experience fatigue and developed fever, with the highest temperature reaching 38.1 °C despite administration of various antibiotic regimens. The results of the follow-up work-up were as follows: ALT 107 U/L, AST 31 U/L, CK 54 U/L, Hb 90 g/L, CRP 164 mg/L, and ESR 101 mm/h.
Vasculitis was suspected given her clinical signs and symptoms, especially fever of unknown origin, and isolated, elevated inflammatory markers and vascular imaging were ordered for further evaluation.

Further diagnostic work-up
Magnetic resonance angiography (MRA) showed an aneurysm of the aortic arch (Figure 1). 18F-fluorodeoxyglucose (FDG) positron emission tomography/computed tomography (PET/CT) revealed a thickened artery wall combined with increased FDG uptake in both the aorta and its major branches (Figure 2).

FINAL DIAGNOSIS
Based on the patient’s symptoms, especially the fever of unknown origin, laboratory investigations, typical thoracic aorta MRA and PET/CT images, she was diagnosed with LVV.

TREATMENT
[bookmark: OLE_LINK3257][bookmark: OLE_LINK3256][bookmark: OLE_LINK3268][bookmark: OLE_LINK3267]High-dose glucocorticoids (GCs) were started with methylprednisolone at 80 mg per day for 3 days and then tapered to 40 mg per day for 6 d. The clinical course describing the adjustment of GC is shown in Figure 3. The patient received oral prednisolone 50 mg/d on Day 10 after the initiation of immunosuppressive therapy and started to change to a tapering scheme. Additionally, one dose of intravenous pulse cyclophosphamide (800 mg) monthly was initiated. Clinical symptoms such as fever, fatigue and aching limbs resolved substantially after one week, and clinical remission was achieved one month later. The patient made an uneventful recovery and could walk normally after 3 mo of therapy. Laboratory tests for ALT, AST, CK, CRP and ESR remained at normal levels. The prednisolone was reduced to 30 mg/d 4 mo later.

OUTCOME AND FOLLOW-UP
However, the patient took the liberty of tapering and stopped the prednisolone at month 5, which led to an increase in inflammatory markers and was readmitted to our hospital with elevated CRP (54.14 mg/L) and ESR (31 mm/h) at month 6. Relapse was considered, and 25 mg/d prednisolone was prescribed. Related clinical markers improved one month later as follows: CRP from 54.14 to 2.1 mg/L, ESR from 31 to 2 mm/h, Hb from 126 to 140 g/L, and ALB from 36.4 to 41.8 g/L.
After six months of immunosuppressive treatment, follow-up thoracic aorta MRA demonstrated that the diameter of the aneurysm in the aortic arch had diminished from 33.75 to 31.86 mm (Figure 1). Furthermore, repeat 18F-FDG-PET/CT revealed that FDG uptake decreased prominently, indicating substantial improvement in arterial lesions (Figure 2). Clinical features corresponding to the course of immunosuppressive treatment are shown in Figure 4, except for month 5, when the patient failed to follow the tapering schedule; laboratory work-up showed a favourable response to the immunosuppressive regimen. At the twelve-month follow-up, the patient was clinically stable and maintained on corticosteroid therapy with 5 mg/d prednisolone.

DISCUSSION
The European League Against Rheumatism (EULAR)[5] has recommended that a suspected diagnosis of LVV should be confirmed by imaging or histology. High-dose GC therapy (40-60 mg/d prednisone equivalent) should be initiated immediately for the induction of remission in active GCA or TAK. EULAR also recommends adjunctive therapy with tocilizumab in refractory GCA. Imaging modalities are essential for diagnosing LVV, including MRA, CTA, CDU, etc.[6,7]. 18F-FDG-PET/CT is a popular diagnostic method that can detect LVV during the acute phase[8-10] and evaluate the response to therapy[11,12]. Immunosuppressive treatment is the first-line therapy for LVV, and GC should be tapered slowly and maintained for a long time, which is inevitably associated with the risk of major side effects[13,14]. Recently, biologic agents (tocilizumab, ustekinumab, abatacept, etc.) have been reported to be a novel therapy for severe and/or relapsing LVV[15,16].
[bookmark: OLE_LINK3258][bookmark: OLE_LINK3259]There are currently no simple criteria for the diagnosis of LVV and its classification. GCA is categorized as granulomatous vasculitis of large- and medium-sized vessels, especially the temporal artery, and temporal artery biopsy (TAB) is the gold standard for diagnosing GCA[17,18]. However, imaging techniques have revealed a variable prevalence of extracranial involvement in GCA patients[19,20]. With the increasing use of whole-body imaging, more patterns of GCA have been described, including GCA with isolated increased inflammatory parameters and/or fever of unknown origin[8]. Compared with GCA, TAK affects younger people, and there is more angiographic evidence of narrowing or occlusion of the aorta[21-23].
In our case, the patient was older than 50 years, had an ESR ≥ 50 mm/h, and presented with claudication. Thoracic aorta MRA revealed an aneurysm of the aortic arch; furthermore, 18F-FDG-PET/CT revealed artery wall thickening along with increasing FDG metabolism in the aorta and its major branches. As TAB is not feasible in a live body, direct evidence of pathology was absent. The patient had previously experienced cerebral infarction, so headache may not be a manifestation of GCA. In this case, the patient had limb aches, which may be a manifestation of PMR. There is a close association between GCA and PMR[24,25]. While GCA is associated with prominent inflammation of the vessel wall with the inner layer and thoracic aneurysmal dilatation[26-28], TAK has predominant adventitial scarring and more frequent stenosis[21]; therefore, GCA was a more reasonable diagnosis for the patient. GCA treatment is dependent on GC use and requires a longer treatment duration[14]. Therefore, markers of inflammation, such as elevated ESR and CRP, returned when the patient stopped prednisolone abruptly.
[bookmark: OLE_LINK3260][bookmark: OLE_LINK3261]Rhabdomyolysis is a clinical syndrome with causes including crush injuries, electrolyte disorders, infections, and the use of drugs such as statins[29,30]. Direct muscle injury remains the most common cause of rhabdomyolysis. LVV accompanied by rhabdomyolysis has not been reported before. However, rhabdomyolysis related to polyarteritis nodosa, a medium-sized vessel vasculitis, has been reported[31]. Hence, rhabdomyolysis related to LVV was reasonable. In addition, the patient had taken aspirin for a long time and had been administering health care products for one month, which could be another possible cause of the development of rhabdomyolysis. Whether rhabdomyolysis is directly linked to LVV is unknown and needs to be further verified.

CONCLUSION
LVV should be included as a differential diagnosis for febrile patients presenting with aches of the lips/Lower limb and elevated CK. Timely use of high-dose steroids until a diagnosis of LVV is established may yield a favourable outcome.
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Figure Legends
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Figure 1 Diameter of the aneurysm in the aortic arch on thoracic aorta magnetic resonance angiography (normal range < 32 mm) before immunosuppressive treatment (A) and after 6 mo of treatment (B).



[image: WJCC-10-4137-g002]
[bookmark: OLE_LINK3266][bookmark: OLE_LINK3265][bookmark: OLE_LINK3157][bookmark: OLE_LINK3156][bookmark: OLE_LINK3263][bookmark: OLE_LINK3264]Figure 2 Fluorine-18-fluorodeoxyglucose-positron emission tomography/computed tomography fusion images. A and B: Fluorine-18-fluorodeoxyglucose (18F-FDG) uptake in the subclavian artery before immunosuppressive treatment (A) and after 6 mo of treatment (B) (SUVmax A > B); C and D: 18F-FDG uptake in the thoracic aorta before immunosuppressive treatment (C) and after 6 mo of treatment (D) (SUVmax C > D); E and F: 18F-FDG uptake in the aorta abdominalis before immunosuppressive treatment (E) and after 6 mo of treatment (F) (SUVmax E > F) by 18F-FDG-positron emission tomography/computed tomography fusion images. 
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Figure 3 Clinical course corresponding to the adjustment of the immunosuppressive regimen and the glucocorticoid tapering schedule.
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[bookmark: OLE_LINK3096][bookmark: OLE_LINK3095][bookmark: OLE_LINK3285][bookmark: OLE_LINK3286][bookmark: OLE_LINK3287][bookmark: OLE_LINK3288][bookmark: OLE_LINK3290][bookmark: OLE_LINK3289][bookmark: OLE_LINK3291][bookmark: OLE_LINK3292][bookmark: OLE_LINK3294][bookmark: OLE_LINK3293][bookmark: OLE_LINK3295][bookmark: OLE_LINK3296]Figure 4 Clinical features corresponding to the course of immunosuppressive treatment. A: Creatine kinase (normal range 38-174 U/L); B: Aspartate aminotransferase (normal range 15-40 U/L); C: C-reactive protein (normal range < 10 mg/L); D: Erythrocyte sedimentation rate (normal range < 20 mm/h); E: Haemoglobin (normal range 110-150 g/L); F: Serum albumin (normal range 40-55 g/L). CK: Creatine kinase; ALT: Aspartate aminotransferase; CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate; Hb: Haemoglobin; ALB: Serum albumin.
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