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Abstract
BACKGROUND
[bookmark: OLE_LINK141][bookmark: OLE_LINK142][bookmark: OLE_LINK22][bookmark: OLE_LINK23]Metal-on-metal (MoM) total hip arthroplasty (THA) has been associated with adverse reactions to metal debris, presenting clinically as pseudotumors.

CASE SUMMARY
[bookmark: OLE_LINK143][bookmark: OLE_LINK144][bookmark: OLE_LINK25][bookmark: OLE_LINK26]This case report presents a female aged 73 year-old with MoM THA-related pseudotumor. After arthrotomy and bursectomy surgeries, histologic examinations of surgical specimens revealed a specific lymphocyte-dominant immunologic response, now known as aseptic lymphocyte-dominant vasculitis-associated lesion (ALVAL). Due to soft tissue persisting effusion after arthrotomy and bursectomy, revision surgery was then performed with ceramic-on-polyethylene THA. However, revision did not resolve the patient’s symptoms. Here we describe our application of tigecycline sclerotherapy to treat recurrent pseudotumor after revision THA and no recurrence after 24-mo follow-up.

CONCLUSION
[bookmark: OLE_LINK145][bookmark: OLE_LINK146]Tigecycline sclerotherapy is safe and effective in the management of recurrent pseudotumor after revision non-MoM THA in ALVAL cases.

[bookmark: OLE_LINK129][bookmark: OLE_LINK130][bookmark: OLE_LINK139]Key Words: Aseptic lymphocyte-dominant vasculitis-associated lesion; Metal-on-metal total hip arthroplasty; Pseudotumor; Tigecycline; Case report
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[bookmark: OLE_LINK131][bookmark: OLE_LINK140][bookmark: OLE_LINK3][bookmark: OLE_LINK4]Core Tip: Metal-on-metal (MoM) total hip arthroplasty (THA) often associates with metal debris, presenting as pseudotumors. We here described a case with MoM THA-related pseudotumor. Revision surgery was performed; however, further histologic examinations revealed the presence of aseptic lymphocyte-dominant vasculitis-associated lesion (ALVAL) and recurrent pseudotumors formation was noted after revision THA. We locally injected an infusion of tigecycline sclerotherapy for treating the pseudotumor successfully. Our findings indicated that tigecycline sclerotherapy is safe and effective in managing recurrent pseudotumor after revision non-MoM THA in ALVAL cases.

INTRODUCTION
[bookmark: OLE_LINK147][bookmark: OLE_LINK148]Metal-on-metal (MoM) hip articulations were first introduced in the 1960s and were thought to be more favorable biologically and biomechanically than conventional metal-on-polyethylene total hip arthroplasty (THA) implants[1]. However, registry data reporting significantly higher failure rates and revision rates caused concern[2,3]. Adverse reaction to metal debris (ARMD) released as metal particles, which may result in macroscopic necrosis of the periprosthetic space, corrosive osteolysis; large, sterile hip effusions; and periprosthetic solid and cystic masses (pseudotumors), was thought to contribute to the high failure rates[4]. In addition, histologic findings of surgical specimens exhibited a specific lymphocyte-dominant immunologic response, now known as aseptic lymphocyte-dominant vasculitis-associated lesion (ALVAL)[5].
This case report describes recurrent hip joint effusion and pseudotumor formation after revision THA as a result of MoM-related ALVAL disease. Management of the recurrent pseudotumor with locally infused tigecycline (trade name, Tygecil) as a sclerosing agent is discussed.

CASE PRESENTATION
Chief complaints
[bookmark: OLE_LINK149][bookmark: OLE_LINK150]A female aged 73 years, with hypertension and right hip osteoarthritis, visited our clinic due to recurrent right hip mass after receiving MoM THA (CONSERVE® total Hip system, BFH with Spiked Shell, Wright Medical, Inc., Arlington, TN) surgery seven years ago (Figure 1A). The patient's signs were soft tissue swelling with mild tenderness, but no local heating, and no erythematous changes of the skin. 

History of present illness
[bookmark: OLE_LINK151][bookmark: OLE_LINK152]She had MoM THA surgery seven years ago, and had recurrent right hip mass.

History of past illness
[bookmark: OLE_LINK153][bookmark: OLE_LINK154]The patient had hypertension and was under medication control.

Personal and family history
[bookmark: OLE_LINK155][bookmark: OLE_LINK156]The patient had hypertension and right hip osteoarthritis. There was no significant family medical history to note.

Physical examination
[bookmark: OLE_LINK157][bookmark: OLE_LINK158]Physical examination revealed soft tissue swelling with mild tenderness, but no local heating, and no erythematous changes of the skin.

Laboratory examinations
[bookmark: OLE_LINK159][bookmark: OLE_LINK160]Laboratory examinations of serum C-reactive protein and erythrocyte sedimentation rate revealed that these were within the normal ranges, excluding the possibility of infection. Analysis of synovial fluid drainage also ruled out the likelihood of infection. Examinations of serum levels of cobalt and chromium revealed that these were within the normal ranges.

Imaging examinations
[bookmark: OLE_LINK161][bookmark: OLE_LINK162]Magnetic resonance imaging (MRI) images with multiacquisition variable-resonance image combination (MAVRIC) of right hip showed joint effusion and trochanteric bursitis involving the right lateral side of the right artificial hip (Figure 2A). 

FINAL DIAGNOSIS
[bookmark: OLE_LINK163][bookmark: OLE_LINK164]Formation of metallosis-related pseudotumor was suggested. According to the normal serum levels of cobalt and chromium, and the patient’s poor response to conservative treatment (oral nonsteroidal anti-inflammatory drug, antihistamine and local injection of steroid), surgical interventions of right hip arthrotomy and bursectomy was performed. After removing all hypertrophic bursa, necrotic periprosthetic soft tissue and pseudotumor, the synovial lining cell hyperplasia with lymphocytic cells infiltration, stromal fibroplasia, and massive fibrin exudation confirmed the histological diagnosis of ALVAL[6] (Figure 3). 

TREATMENT
[bookmark: OLE_LINK165][bookmark: OLE_LINK166]We performed ceramic-on-polyethylene THA (Biolox delta Option, Biomet G7, Zimmer Biomet, Inc., Warsaw, IN) to treat persistent postoperative effusion and soft tissue swelling following revision (Figure 1D). However, persistent joint effusion (about 100 mL-daily straw fluid from drainage) was still noted for two months after revision THA. Infection was excluded after checking the drainage fluid culture and performing the microscopic tests. Repeat MRI revealed recurrent periprosthetic pseudotumor after revision THA (Figure 2B). Chemical pleurodesis treatment for pleural effusion using tetracycline (single-dose tigecycline 50 mg into the joint space and periprosthetic soft tissue) was performed one week after revision THA.

OUTCOME AND FOLLOW-UP
[bookmark: OLE_LINK167][bookmark: OLE_LINK168]The effusion was much improved one week after the local tigecycline infusion. Following MRI scan also showed subsidence of pseudotumor, only minimal subcutaneous fibrotic scaring tissue, without effusion collection was noted (Figure 2C). No recurrent effusion or recurrent pseudotumor was found at the end of 24-mo postoperative follow-up (Figure 1F).

DISCUSSION
[bookmark: OLE_LINK169][bookmark: OLE_LINK170]ALVAL is a histological diagnosis of adverse ARMD in MoM THA, consisting of related metallosis and type IV hypersensitivity reaction[5]. Severe complications were reported, including dislocation, recurrent ALVAL and re-revision requiring post-revision surgery. In this case, before receiving revision THA, chronic periprosthetic soft tissue swelling with pseudotumor formation, complicated by massive effusion, was noted. For lesion evaluation, MRI image with MAVRIC was used in the coronal plane to reduce susceptibility artifact[7]. The pseudotumor recurred even after surgical interventions of arthrotomy and bursectomy. In response, we arranged revision ceramic-on-polyethylene THA for this case. However, the pseudotumor and soft tissue effusion still recurred after revision THA within post-operative two months. Higher rates of complication, including instability, neurovascular injury, deep infection, reoperation, component loosening had been reported in revision cases for failed MoM hip implants[8]. However, for the present recurrent pseudotumor with persist effusion condition after revision THA with non-MoM component, only few cases were reported and there is no specific management guidelines available[9]. Residual metal debris within soft tissue or persisted hypersensitivity reaction maybe the cause of recurrent pseudotumor. In this case, after excluding infection conditions, local treatment with tigecycline was used as a sclerosing agent. Tigecycline is an broad spectrum antibiotic derivation of tetracycline, which has demonstrated to be an effective sclerosing agent for pleurodesis of different type pleural effusion[10]. The sclerosing agent application to the primary target as pleural mesothelial lining results in the release of several mediators like interleukin-8, transforming growth factor-beta and basic fibroblast growth factor[11]. This leads the diffuse inflammation activity in the cavity, which causes coagulation-fibrinolysis imbalance. This imbalance results in favoring the production of fibrin chain, collagen and extracellular matrix components by fibroblast. These mechanisms eventually result in space obliteration[12]. In the literature review, there was no other study reported application of tigecycline as a sclerosing agent for space obliteration other than pleural space. The reason we chose Tigecycline as sclerosing agent was the safe, accessible, and cost-effective. The sclerosing mechanism also worked in the effusion space between periarticular soft tissue by tigecycline infusion, which resulted in obliteration of recurrent pseudotumor. In the article review of safety profile of tigecycline, the gastrointestinal symptoms are the most common reported adverse effects of tigecycline (nausea 26, vomiting 18 and diarrhea 12%)[13]. Incidence of these adverse effect is reported correlating with escalating doses. In the present case, we only injected single dose of tigecycline 50 mg into the joint space and periprosthetic soft tissue. There is no systemic or local side effect occurred in this case. After locally infusion of tigecycline, the joint effusion diminished significantly within one week. During follow-up, hip MRI images also showed subsidence of pseudotumor, and no recurrent joint effusion at 24-mo after the injection (Figure 2C). There was no complication either gait imbalance in following up.

CONCLUSION
[bookmark: OLE_LINK171][bookmark: OLE_LINK172]Local infusion treatment using tigecycline is safe, cost effective, and able to provide an additional therapeutic adjunct for the treatment of recurrent pseudotumor after revision non-MoM THA in ALVAL cases. 
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Figure Legends
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[bookmark: OLE_LINK176][bookmark: OLE_LINK177]Figure 1 Pre-operative and post-operative series images. A: Radiography of metal-on-metal total hip arthroplasty (THA) over right hip; B: The metal-on-metal acetabular cup and femoral head removed from revision surgery. Surface scratching and erosion was observed between the cup/head component; C: Pre-operative gross photo (AP view) of right hip showed mass protruding at lateral side of right hip; D and E: Radiography and gross photo of revision ceramic-on-polyethylene THA; F: Post-revision gross photo (lateral view) of patient after locally tigecycline injection showed subsidence of the mass at 24-mo follow-up.
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[bookmark: OLE_LINK178][bookmark: OLE_LINK179][bookmark: OLE_LINK5]Figure 2 Magnetic resonance imaging series of pre-operative, post-revision surgery, and after Tigecycline local treatment. A: Initial radiographic evaluation: magnetic resonance imaging (MRI) image of right hip showed joint effusion and trochanteric bursitis involving right lateral subcutaneous layer of right artificial hip. The finding corresponds to the diagnosis of pseudotumor; B: MRI image following revision total hip arthroplasty (THA): recurrent periprosthetic pseudotumor over right hip to lateral subcutaneous layer and adjacent subcutaneous inflammation; C: MRI image following revision THA, one month after local tigecycline infusion, showed subsidence of recurrent pseudotumor, periprosthetic soft tissue swelling and effusion. 

[image: ]
Figure 3 Gross photo and pathological section of resected pseudotumor. A: Photograph of debrided necrotic tissues taken from arthrotomy and removal of pseudotumor; B: Synovial lining cell hyperplasia with lymphocytic cells infiltration and Stromal fibroplasia, with the histological diagnosis of aseptic aseptic lymphocyte-dominant vasculitis-associated lesion. 
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