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Introduction

Calcium pyrophosphate deposition (CPPD) disease is a common cause of rheumatological symptoms: from an acute form (CPP crystal arthritis), which is typically revealed by arthritis of specific joints (knee, wrist), to chronic form with polyarticular involvement mimicking other rheumatologic conditions and with osteoarthritis [START_REF] Rosenthal | Calcium Pyrophosphate Deposition Disease[END_REF]. Axial symptoms of CPPD have been also described, mainly as Crown dens syndrome [START_REF] Moshrif | Spinal involvement with calcium pyrophosphate deposition disease in an academic rheumatology center: A series of 37 patients[END_REF], but also less frequently as acute spinal pain mimicking spondylodiscitis [START_REF] Grobost | Axial calcium pyrophosphate dihydrate deposition disease revealed by recurrent sterile spondylodiscitis and epidural abscess[END_REF].

Unlike gout, CPPD mainly involved cartilage and rarely non cartilaginous tissues [START_REF] Rosenthal | Calcium Pyrophosphate Deposition Disease[END_REF]. Primary hyperparathyroidism, hemochromatosis or genetic hypophosphatasia are classical causes of CPPD [START_REF] Jones | Diseases associated with calcium pyrophosphate deposition disease[END_REF], but chronic hypomagnesemia is also recognized as a risk factor, especially in Gitelman's syndrome [START_REF] Ea | Chondrocalcinosis secondary to hypomagnesemia in Gitelman's syndrome[END_REF][START_REF] Cipolletta | Calcium Pyrophosphate Deposition Disease in a Patient with Familial Hypokalemia-Hypomagnesemia (Gitelman's-Syndrome): A Case Report[END_REF] or digestive loss of short bowel syndrome [START_REF] Richette | Hypomagnesemia and chondrocalcinosis in short bowel syndrome[END_REF].

CPP crystal arthritis can mimic septic arthritis, with fever and systemic reaction. Synovial fluid (SF) analysis has to be done to rule out septic arthritis and look for calcium pyrophosphate crystals.

Hypomagnesemia can be induced by tacrolimus through a renal loss in the distal part of the nephron [START_REF] Nijenhuis | Downregulation of Ca(2+) and Mg(2+) transport proteins in the kidney explains tacrolimus (FK506)-induced hypercalciuria and hypomagnesemia[END_REF] and a tacrolimus-induced hypomagnesemia associated to CPPD a is classically reported inter literature [START_REF] Favero | Miscellaneous non-inflammatory musculoskeletal conditions. Bartter's and Gitelman's diseases[END_REF][START_REF] Guerne | Chondrocalcinosis and calcium pyrophosphate (CPP) crystal deposition disease in 2010[END_REF].

In this paper, we report the case of a liver transplant patient under tacrolimus with hypomagnesemia who experienced an acute axial and peripheral CPPD, with pre-existing asymptomatic crystal deposition disease. Patient gave consent for publishing. In a second part, a literature review of CPPD in patients with tacrolimus and others anti-calcineurins have been done.

Case report

A 53-year-old patient was admitted in the emergency Department at St-Brieuc Hospital (Brittany, France) for acute low back pain. He used to have a mild chronic low back pain, which did not require painkillers. His medical history was a liver cirrhosis from a chronic alcohol abuse, which lead to liver transplantation. Post-transplant follow-up revealed a hepatic artery stenosis, treated with acetylsalicylate 75 mg with co-prescription of pantoprazole 20 mg. He never had arthritis or known CPPD in the past. He did not report any medical history of CPPD in his parents, nor kidney disease such as Gitelman's syndrome. Timeline patient was resumed in Figure 1.

At admission, he suffered from an acute low back pain with multidirectional lumbar spine stiffness reduced mobility but without fever. Right hip was also painful in rotational movements. 
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Twenty-four hours later, he developed fever and arthritis of the right wrist. A SF macroscopic analysis showed a purulent liquid. In fear of septic arthritis, a treatment with IV Ceftriaxone (2g/day) was initiated. SF analysis showed 100.000 leucocytes/mm 3 with 90% of neutrophils. Calcium pyrophosphate (CPP) crystals were also identified, without monosodic urate crystals (MSU).

Right wrist X-rays showed chondrocalcinosis (CC) of the triangular fibrocartilage. At lumbar spine there was a marked discopathy L3-L4, with erosions at the inferior L3 endplate and superior L4 endplate suspect of spondylodiscitis in an immunosuppressed patient. A computed tomography (CT) done at his admission revealed an erosive discopathy of lumbar spine, without discs calcifications and without abscess. In addition, a calcium pyrophosphate deposit in C1-C2 was found on a previous CT done before liver transplant (Figure 2). Magnetic resonance imaging (MRI) of lumbar spine showed inflammatory signal in Short tau inversion recovery (STIR) sequences on several lumbar endplates with hypointense signal in T1 sequence associated with hyperintense signal in T2 sequence, especially of L1 and L2 (Figure 3 A, B andC). A septic spondylodiscitis has been ruled out due to multistage involvement and sterile blood culture, and discovertebral was not realized. As a result, the diagnosis of axial CPPD was made. An etiology to CPPD has been researched. It showed normal calcium and phosphate blood levels; normal parathormone level at 21.2 pg/ml, (6.5-36.8). Ferritin was elevated at 711 ng/ml in an inflammatory condition with normal CST, and genetic research of HFE gene mutation for hemochromatosis was negative for C282Y and H63D. Serum magnesium was measured at 0.51 mmol/l (0.66-1.07) with normal kaliemia. It was attributed to a concomitant overdosage of tacrolimus at 12.2 mg/l (5-10) due to mild kidney failure, cholestasis and patient mismanagement of immunosuppressive therapy. An oral supplementation with 184 mg of magnesium twice a day was started and patient returned home. Even if CPPD existed prior to transplantation, since the patient was single with no offspring and had only one older asymptomatic sister, no ANKH or OPG mutation testing was undertaken.

Three weeks later, he was admitted again for a recurrent acute low back pain and oligoarthritis (right hip and left knee). A novel SF analysis of the left knee ruled out a septic arthritis. A spinal MRI
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showed persistent spondylodiscitis (Figure 3,D). While his treatments were prepared and delivered by a nurse at home, serum magnesium was still low, at 0.46 mmol/l and fractional excretion was elevated at 7.0% (< 2% in extrarenal loss), despite oral supplementation and normal tacrolemia. Pantoprazole was then stopped as a potential cause of hypomagnesemia [START_REF] Cheungpasitporn | Proton pump inhibitors linked to hypomagnesemia: a systematic review and meta-analysis of observational studies[END_REF]. After negative septic investigations, oral prednisone was restarted with a more progressive gradual decrease. Again, peripheral arthritis quickly disappeared and low back pain decreased of about 70%. Tacrolimus therapy was switched for everolimus, another anticalcineurin drug which have not been described to induce hypomagnesemia yet.

After 5 months of follow-up, the patient did not have recurrence of CPPD arthritis nor acute back pain. Serum magnesium was still low at 0.56 mmol/l, but with overdosage of everolimus at 21.1 ng/ml (3.0-8.0). Oral magnesium supplementation has been continued. He had no relapse after 8 months of follow-up under a 5 mg course of prednisone per day, but serum magnesium remained low despite everolimus switch without overdosage. Oral magnesium supplementation was increased to 184 mg fourth a day. Everolimus can also induce hypomagnesemia as well as tacrolimus, but was continued for immunosuppression and because patient did not relapse CPPD under five mg of prednisone.

Methods

Based on a PubMed and Web of science search on the 10 th of October 2020, we identified CPPD associated to tacrolimus treatments and anti-calcineurin. We used the following keywords: "tacrolimus OR everolimus OR ciclosporin OR anticalcineurin" AND "CPPD OR chondrocalcinosis OR pyrophosphate OR crystal arthritis". Results of the literature review are summarized in Figure 4 according to the PRISMA flow diagram. We have mainly excluded articles about gout. We finally selected articles mentioning patients with CPPD arthritis and tacrolimus or other anticalcineurin treatments.

Review

Peripheral CPPD have been reported in three articles in patients with anticalcineurin drugs [START_REF] Perez-Ruiz | Pseudoseptic" pseudogout associated with hypomagnesemia in liver transplant patients[END_REF][START_REF] Diep | Musculoskeletal manifestations in liver transplantation recipients[END_REF][START_REF] Cenin | Tacrolimus induced pseudogout following allogeneic hematopoietic cell transplant[END_REF]. Perez-Ruiz et al. [START_REF] Perez-Ruiz | Pseudoseptic" pseudogout associated with hypomagnesemia in liver transplant patients[END_REF] described two cases of CPPD in liver transplant patients with tacrolimus. The two patients had chronic C hepatitis. The first case was a woman of 64 y.o. with acute arthritis of the third metacarpophalangeal joint (MCP) and wrist 13 days after liver transplantation. X-ray showed CC of the triangular ligament. SF was inflammatory and showed calcium pyrophosphate crystals. Blood magnesium was low at 13.6 mg/l (N > 17.5 mg/l) with elevated fractional excretion at 8.35%. A short course of colchicine and an oral supplementation of magnesium was started. She did not relapse after 6 months of follow up, and blood magnesium was normal. The second patient, a 48 y.o. woman, developed an acute arthritis of the knee with purulent SF. Cultures were sterile and SF analysis revealed calcium pyrophosphate crystals. However, X-ray did not show CC. Serum magnesium level was low at 1.39 mg/dl despite oral supplementation with magnesium salt 300mg/day at time of transplantation.
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Fractional excretion of magnesium was increased at 10.21%. Blood magnesium normalized after increased supplementation, and colchicine was initiated with no relapse after 6 months follow-up.

Recently, Diet et al. [START_REF] Diep | Musculoskeletal manifestations in liver transplantation recipients[END_REF] focused on musculoskeletal manifestations in liver transplant patients.

Three patients on 234 (1.3%) had CPPD compared to the higher proportion of gout (16/234, 6.8%). Two hospitalized patients had SF showing calcium pyrophosphate, and one outpatient had CPPD on X-Ray.

Only one of the three had hypomagnesemia at time of crystal-arthritis.

Cenin et al. [START_REF] Cenin | Tacrolimus induced pseudogout following allogeneic hematopoietic cell transplant[END_REF] described 15 crystal-induced-arthritis among 450 patients (3.3%) underwent allogeneic hematopoietic cell transplant. All patients received tacrolimus with high concentration (median level of 11.4 mg/l, range from 7.3 to 19.7 mg/l). All patients had low magnesemia (< 18 mg/l) at time of arthritis. Five patients had a known osteoarthritis of the same joint, and two patients had hemochromatosis. All crystal-arthritis were presumed to be CPPD and no patients had hyperuricemia. However, only five patients had a definite or probable CPPD with SF showing calcium pyrophosphate or CC on X-ray. The ten others had only probable CPPD without SF analysis available nor X-ray proof of CC.

No case of axial CPPD associated to hypomagnesemia nor tacrolimus and anti-calcineurin in organ-transplant patients have been described yet.

Discussion

CPPD is well known to be associated with persistent hypomagnesemia [START_REF] Jones | Diseases associated with calcium pyrophosphate deposition disease[END_REF]. It is not clear if hypomagnesemia triggered CPPD arthritis or is an independent risk factor. Gitelman's syndrome which is a genetic disease argue in favor of an independent cause of calcium pyrophosphate deposition [START_REF] Ea | Chondrocalcinosis secondary to hypomagnesemia in Gitelman's syndrome[END_REF].

Case report of persistent hypomagnesemia associated to short bowel syndrome [START_REF] Richette | Hypomagnesemia and chondrocalcinosis in short bowel syndrome[END_REF] suggest that acquired persistent hypomagnesemia can lead to CPPD. Hypomagnesaemia may decreased CPP solubility and then CPP deposit [START_REF] Rosenthal | Calcium Pyrophosphate Deposition Disease[END_REF]. Magnesium may also trigger CPPD flares throw complex pathogenesis. First of all, magnesium is directly involved in inorganic pyrophosphate (PPi) production in extracellular matrix. Magnesium facilitates pyrophosphate catabolism acting as a pyrophosphatase cofactor which catalyse Adenosine triphosphate (ATP) in adenosine diphosphate (ADP) + PPi [START_REF] Rosenthal | Calcium Pyrophosphate Deposition Disease[END_REF]. A low magnesium level promotes then the accumulation of calcium pyrophosphate. On the other hand, NLRP3 inflammasome activation in CPPD disease have been proven [START_REF] Martinon | Gout-associated uric acid crystals activate the NALP3 inflammasome[END_REF]. Even if mechanisms and signals leading NLRP3 inflammasome are not fully understood, a second activation of caspase-1 inflammasome for interleukine-1β production driven by ATP [START_REF] Mariathasan | Differential activation of the inflammasome by caspase-1 adaptors ASC and Ipaf[END_REF] may have a role in CPPD flares. One can hypothesize that an acute extracellular excess of ATP induced by a decreased pyrophosphatase activity in a hypomagnesemia patient may lead to inflammasome activation and therefore to clinical flare of a CPPD. However, magnesium distribution in the body may be difficult to evaluate. About 99% of the magnesium is extra-vascular, and about half is in bones for hydroxyapatite mineralization [START_REF] Jahnen-Dechent | Magnesium basics[END_REF].
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Therefore, magnesium concentration in blood may not totally reflect magnesium concentration in soft tissue such as cartilage, and thus calcium pyrophosphate crystallization. Ionized magnesium level may be useful in case of suspected hypomagnesemia with normal serum magnesium level [START_REF] Jahnen-Dechent | Magnesium basics[END_REF].

There are many drugs acting on the regulation of magnesium efflux and influx such as tacrolimus and cetuximab. Furthermore, standard medications such as loop and thiazide diuretics can induce magnesium renal loss and hypomagnesemia [START_REF] Jahnen-Dechent | Magnesium basics[END_REF]. Increased renal loss and decreased gastrointestinal absorption are also described with proton pump inhibitors [START_REF] Cheungpasitporn | Proton pump inhibitors linked to hypomagnesemia: a systematic review and meta-analysis of observational studies[END_REF][START_REF] Srinutta | Proton pump inhibitors and hypomagnesemia: A meta-analysis of observational studies[END_REF]. Such treatment involved in serum magnesium imbalance must be taken into account in case of CPPD flares, especially when recurrent. In case of recurrent arthritis, a change in therapeutic class may be proposed or the indication of this therapy should be re-evaluated. In previous cases, tacrolimus was continued and serum magnesium normalized with oral supplementation.

Curiously, no cases of CPP crystal arthritis in-patient with tacrolimus after kidney transplant have been described yet. However, kidney transplantation is the most common organ transplant. It may be explained by hypocalcemia in patients with chronic kidney failure. Just as hypercalcemia is associated with CPPD in primary hyperparathyroidism [START_REF] Rosenthal | Calcium Pyrophosphate Deposition Disease[END_REF], we hypothesize that hypocalcemia may be a protective factor to develop CPPD.

In the same way, the role of proton pump inhibitors in CPPD remains a point of interest. Proton pump inhibitors are known to provide chronic hypocalcemia and chronic hypomagnesemia through hypochlorhydria [START_REF] Sivakumar | Proton pump inhibitor-induced hypomagnesaemia and hypocalcaemia: case review[END_REF]. On one hand, some authors suggest a protective role in developing CPPD [START_REF] Balderrama | Calcium Pyrophosphate Deposition Disease and Associated Medical Comorbidities: A National Cross-Sectional Study of US Veterans[END_REF] which may be consistent with chronic induced hypocalcemia, but not with induced hypomagnesemia.

On the other hand, proton pump inhibitors are associated to recurrence of acute CPP crystal arthritis which may be consistent with hypomagnesemia but not hypocalcemia. The role of proton pump inhibitors in developing or triggering CPPD disease or flare is not clear, and more studies are necessary.

In previous articles studied in this review, almost every patient was treated with colchicine for flares or to prevent recurrence of arthritis. Colchicine and tacrolimus is not a harmless association: metabolism with CYP3A4 for both drugs may increase its concentrations [START_REF] Amanova | Colchicine levels in chronic kidney diseases and kidney transplant recipients using tacrolimus[END_REF]. Yousuf Bah et al. reported a case of toxic myopathy in a kidney transplant patient with moderate chronic kidney failure [START_REF] Bhat | Colchicine-Induced Myopathy in a Tacrolimus-Treated Renal Transplant Recipient: Case Report and Literature Review[END_REF].

Moreover, elevated blood concentration of anticalcineurins is associated to kidney failure [START_REF] Nguyen | Sirolimus and mTOR Inhibitors: A Review of Side Effects and Specific Management in Solid Organ Transplantation[END_REF][START_REF] Kolaitis | Tacrolimus trough monitoring guided by mass spectrometry without accounting for assay differences is associated with acute kidney injury in lung transplant recipients[END_REF] and thus can lead to overdosage and toxicity of colchicine. Considered with the low level of evidence of colchicine effectiveness in acute and chronic CPPD [START_REF] Zhang | EULAR recommendations for calcium pyrophosphate deposition. Part II: management[END_REF][START_REF] Alvarellos | Colchicine prophylaxis in pseudogout[END_REF], colchicine should be used with caution in solid organ transplant patients receiving tacrolimus and anti-calcineurin drugs. In our case, we preferred glucocorticoids instead of colchicine to treat the oligoarthritis with axial CPPD.

Tacrolimus itself can induce musculoskeletal symptoms. The calcineurin-inhibitor induced pain syndrome (CIPS) have been first described by Grotz et al. [START_REF] Grotz | Calcineurin-inhibitor induced pain syndrome (CIPS): a severe disabling complication after organ transplantation[END_REF] in lower-limb extremities. CIPS is described in 0.8 to 5.8% of patient under tacrolimus for kidney transplant but may have been described
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much earlier in patient with polyarticular symptoms without alternative diagnosis in heart transplant patients [START_REF] Rozenberg | Osteo-articular complications of heart transplantation[END_REF]. MRI with patchy bone marrow oedema and bone scintigraphy may be helpful for diagnosis [START_REF] Udomkarnjananun | An Unusual Manifestation of Calcineurin Inhibitor-Induced Pain Syndrome in Kidney Transplantation: A Case Report and Literature Review[END_REF]. Vasoconstriction due to anticalcineurin may be involved in symptoms [START_REF] Grotz | Calcineurin-inhibitor induced pain syndrome (CIPS): a severe disabling complication after organ transplantation[END_REF]. Overdosage of tacrolimus may occurred and a pain relief when stopping anticalcineurin is a good diagnosis criterion.

The CIPS have a distinct presentation compared to our case: it is not revealed by inflammatory pains or arthritis but as mechanical pain of limbs, and spine is rarely involved [START_REF] Udomkarnjananun | An Unusual Manifestation of Calcineurin Inhibitor-Induced Pain Syndrome in Kidney Transplantation: A Case Report and Literature Review[END_REF].

To our knowledge, we described the first case of axial CPPD flare associated with a tacrolimusinduced hypomagnesemia. In our case report, even if CT did not show typical disc calcifications of lumbar spine, some elements are in favor of an axial CPPD: a pre-existing crown dens imaging, erosive changes of vertebral endplates on CT with bone edema on MRI and gadolinium enhancement, absence of abscess or epiduritis, negativity of the totality of bacteriological samples and a concomitant axial and peripheral symptoms as well as their rapid improvement under corticosteroid therapy. Finally, the link between degenerative disc disease and CPPD is questionable: some studies showed CPP on degenerative scoliotic disk without known CPPD disease [START_REF] Lee | Calcium phosphate microcrystal deposition in the human intervertebral disc[END_REF]. This would suggest that degenerative disc diseases associated with "asymptomatic" CPPD may be a counterpart to osteoarthritis in chronic peripheral CPPD.

Conclusion

Axial and peripheral CPPD flare in a liver transplant patient may mimic a septic presentation which have to be ruled out. Magnesium level should be investigated, especially if drugs acting on its regulation are present. Tacrolimus is one of them, such as proton pump inhibitor. An oral supplementation of magnesium and treatment adjustmentsif possibleshould be considered. 

  The patient had a high CRP (70 mg/l), mild kidney failure (creatinine at 135 µmol/l and clearance CKD-EPI 52 ml/min/1.73m²), elevated WBC at 20.1 G/L (with 16.26 G/L of neutrophils) and high alkaline phosphatase at 169 U/L (range: 35-105 UI/L) with normal gamma-glutamyl transferase and transaminases. Serum uric acid was normal.

Finally, he developed

  an other arthritis of the left elbow with ultrasound showing joint effusion with a synovial hypertrophy and power doppler signal. A SF analysis showing CPP without MSU. An arthritis of the right hip was identified with ultrasounds with capsular thickening without other anomalies, including no hyperechoic deposition in the labrum or hyalin cartilage. Hip arthrocentesis was not performed due to the diagnosis of CPP crystal oligoarthritis. All synovial fluids and other samples as blood culture were finally negative for bacterial research. Prednisone 20 mg/day was initiated with a quick and remarkably effectiveness on peripheral and axial symptoms. A transient spinal immobilization completed the low back pain treatment.

Figure 1 .

 1 Figure 1. CPPD patient's timeline.

Figure 2 .

 2 Figure 2. (Left) sagittal lumbar spine on Computed Tomography showing erosive changes of L3, L4 and L5 endplates (arrow heads) with disc degeneration without discal calcification. (Right) crown dens syndrome (dashed arrow) in axial view one year before liver transplant.
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 2 Figure 2

Figure 3 .

 3 Figure 3. MRI of lumbar spine at diagnosis: (A) T1 sequence, (B) T2 sequence and (C) STIR sequence, showing inflammatory changes of L2 to L5 vertebral endplates (example with inferior endplates of L5, white arrows: hyposignal in T1, hypersignal in T2 et STIR sequences). (D) MRI of the lumbar spine three months later on T1 sequence, showing Gadolinium enhancement (star) of several discs and endplates
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Figure 4 .

 4 Figure 4. PRISMA ® flow diagram of the literature review

Screening