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Renal Infarction and Its Consequences for Renal Function in Patients With Cardiac Amyloidosis
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ATTRwt amyloidosis were older (P<.001), more likely to be men (P=.02), to have arrhythmic heart diseases (P<.001), and to be on anticoagulation treatment (P<.001). Patients with AL amyloidosis had significantly higher NT-proBNP levels (P=.02) and were more likely to have nephrotic syndrome (P<.001). RI was detected in 18 patients (20.7%), at similar frequencies in the various groups. Baseline urinary protein/creatinine ratio was the only parameter for which a significant difference (P=.03) was found between patients with and without RI diagnoses. The likelihood of RI diagnosis was 47.1% in the presence of AKI and 14.5% in its absence (P=.003). Overall heart transplant-censored patient survival did not differ significantly between patients with and without RI (P=.64) but death-and heart transplantcensored renal survival was significantly lower in patients with RI (P<.001).

Conclusions:

Our study suggests that prevalence of RI in patients with cardiac amyloidosis is higher than previously thought, regardless of the underlying amyloidosis disorder. AKI in a patient with cardiac amyloidosis should alert clinicians to the possibility of RI

INTRODUCTION

Amyloidoses are a heterogeneous group of diseases classified according to the nature of the main precursor protein forming the amyloid fibrils. [START_REF] Wechalekar | Systemic amyloidosis[END_REF][START_REF] Nuvolone | Systemic amyloidosis: novel therapies and role of biomarkers[END_REF] The most prevalent types of amyloidosis are acquired systemic immunoglobulin light chain amyloidosis (AL amyloidosis), AA amyloidosis, hereditary forms due to genetic variants encoding abnormal proteins and wild-type transthyretin (TTR) amyloidosis. [START_REF] Wechalekar | Systemic amyloidosis[END_REF][START_REF] Larsen | Clinical, morphologic, and genetic features of renal leukocyte chemotactic factor 2 amyloidosis[END_REF] Hereditary TTR amyloidosis, caused by various mutations of the TTR gene, is one of the most frequent causes of hereditary amyloidosis. In some patients, amyloidosis with prominent cardiac involvement may be associated with an aging process known as senile systemic amyloidosis, related to nonmutated or wild-type TTR amyloidosis (ATTRwt). [START_REF] Gillmore | A new staging system for cardiac transthyretin amyloidosis[END_REF] In patients with systemic amyloidosis, cardiac involvement (the most relevant prognosis factor) and kidney impairment are two of the most frequent clinical manifestations [START_REF] Falk | Diagnosis and management of the cardiac amyloidoses[END_REF][START_REF] Dember | Amyloidosis-associated kidney disease[END_REF][START_REF] Khalighi | Amyloid nephropathy[END_REF] Regardless of the underlying amyloid precursor protein, the natural course of renal disease involves a progressive decline of renal function, leading to end-stage renal disease. [START_REF] Lachmann | Natural history and outcome in systemic AA amyloidosis[END_REF][START_REF] Palladini | A staging system for renal outcome and early markers of renal response to chemotherapy in AL amyloidosis[END_REF] Patients with amyloidosis frequently have ventricular or supraventricular arrhythmias and/or nephrotic syndrome, both of which are known to be associated with a significant risk of arterial thromboembolic events, such as renal infarction (RI). [START_REF] Hazanov | Acute renal embolism: Forty-four cases of renal infarction in patients with atrial fibrillation[END_REF][START_REF] Mahmoodi | High absolute risks and predictors of venous and arterial thromboembolic events in patients with nephrotic syndrome: results from a large retrospective cohort study[END_REF] Nevertheless, the prevalence of RI, the risk factors for this condition and the outcome of patients presenting RI in a context of cardiac amyloidosis have never been investigated in detail. We previously showed, in a retrospective French multicenter study, that amyloidosis was a rare finding in the context of RI. [START_REF] Bourgault | Acute renal infarction: A case series[END_REF] Some arterial thromboembolic events have been reported in patients with AL amyloidosis in the absence of both arrhythmia and intracardiac thrombi. [START_REF] Hausfater | AL cardiac amyloidosis and arterial thromboembolic events[END_REF] Most amyloidosis patients have non-optimal renal function or have been fitted with heart devices. The indications for computed tomography (CT) scans and magnetic resonance imaging (MRI) must therefore be considered carefully. In this study, after validation of this examination in one patient with biopsy-proven RI, we used renal 99m Tc-labeled dimercaptosuccinic acid (DMSA) scintigraphy to assess the prevalence, risk factors, clinical presentation and consequences of RI in a large cohort of patients with a diagnosis of cardiac amyloidosis.

PATIENTS AND METHODS

Study population and cardiac evaluation

This observational study was conducted in the Reference Center for Amyloidosis at Henri Mondor Hospital. We included 104 adult patients referred to our center for suspected cardiac amyloidosis (Figure 1). Based on the availability of facilities for performing 99m Tc-labeled DMSA renal scintigraphy at our center, two patients underwent such exploration each Friday.

Patients were randomly included in the protocol as a function of their presence at the referral center on a Friday, regardless of their clinical and biological characteristics. Baseline demographic, clinical, biological and echocardiographic characteristics were collected from the previous three months of routine follow up before renal scintigraphy. These data were analyzed exclusively for patients with a definitive diagnosis of confirmed cardiac amyloidosis. Echocardiography was performed with a Vivid 7 system (Vivid 7; GE Healthcare, Horton, Norway), in accordance with the international guidelines. [START_REF] Lang | Recommendations for cardiac chamber quantification by echocardiography in adults: An update from the American Society of Echocardiography and the European Association of Cardiovascular Imaging[END_REF] Data were stored digitally at the cardiac amyloidosis center and were analyzed offline with Echo-PAC software (V7.0.0, GE Vingmed Ultrasound) (Supplemental Material). Cardiac biomarkers, including amino-terminal pro-brain natriuretic peptide (NT-proBNP) and cardiac troponins (cTn), were determined at baseline.

Diagnosis of cardiac amyloidosis according to the underlying disorder causing amyloid production

The diagnosis of cardiac amyloidosis was confirmed on the basis of heart involvement, defined as an interventricular septum thickness (IVST) ≥12 mm, associated with Congo redpositive deposits and apple-green birefringence under polarized light on accessory salivary glands, heart and/or kidney biopsy specimens and/or a TTR mutation detected by gene sequencing. Tissues with Congo red-positive deposits were not analyzed by mass spectrometry, but all formalin-fixed paraffin-embedded tissues were systematically stained with polyclonal antibodies against TTR (Dako, Glostrup, Denmark), monoclonal antibodies against serum amyloid A protein (Dako, Glostrup, Denmark) and immunoglobulin light chains (Clinisciences, BD Biotech, Popradzka, Slovakia). A second frozen biopsy specimen was systematically subjected to immunofluorescence analyses with polyclonal fluorescein isothiocyanate-conjugated (FITC) antibodies against the human κ and λ light chains (Dako, Glostrup, Denmark). AL amyloidosis was diagnosed on the basis of the biological detection of a monoclonal gammopathy, with an endomyocardial or extracardiac biopsy specimen (accessory salivary glands or kidney) displaying specific labeling with anti-κ or anti-λ lightchain antibodies. The type of monoclonal light chain and the initial serum free light chain concentration were recorded for all patients. The diagnosis of mutated-TTR (ATTRm) amyloidosis required the identification of a mutation in the gene encoding TTR together with strong cardiac fixation on 99 TC-bisphosphonate bone scintigraphy and/or Congo red staining and anti-TTR antibody labeling on extracardiac or endomyocardial biopsy. The TTR variant was determined for all patients. ATTRwt amyloidosis was defined as for ATTRm, except that patients had no mutation of the TTR gene on sequencing.

Renal 99m Tc-labeled DMSA scintigraphy

Renal scintigraphy was performed regardless of renal function at baseline or on the day of the scintigraphy (in patients with acute kidney injury (AKI) or chronic kidney disease (CKD) and in those with normal estimated glomerular filtration rate (eGFR) for the detection of possible subclinical RI). Patients with a history of renal pyelonephritis, which is considered a differential diagnosis for cortical defects, were therefore not included in this study. Renal scintigraphy was performed with a hybrid SPECT/CT PRECEDENCE16 camera (Philips, Da Best, The Netherlands) equipped with large field-of-view, low-energy, high-resolution parallel collimators. It involved planar acquisition of the upper abdomen in the anterior and posterior views, 4 to 6 hours after the injection of 110-130 MBq 99m Tc-DMSA, followed by tomoscintigraphy centered on the kidneys and coupled with low-dose computed tomography (CT). Images were interpreted on the basis of a consensus between two senior physicians (MA, EI) blind to the patient's characteristics. RI was defined as a triangularshaped, peripheral cortical defect. Images were scored semi-quantitatively by the assignment of one of three grades: grade 0 for no cortical defect or a defect attributable to a cyst identified on CT, grade I for moderate cortical defects in which some background parenchyma was visible within the defect (partial defect); grade II for severe cortical defects with no remaining background parenchyma visible within the defect (cortical amputation). Renal infarcts were classified as focal if a single wedge-shaped lesion was observed or multifocal (two or more lesions). Before initiating the enrollment of patients with suspected cardiac amyloidosis, we validated 99m Tc-labeled DMSA scintigraphy as a technique as effective and relevant for RI diagnosis as MRI, by comparing these two examinations in a patient with RI proven by renal graft biopsy.

Renal function evaluation and follow-up

AKI was defined according to Kidney Disease Improving Global Outcomes (KDIGO) criteria. [START_REF]Kidney Disease: Improving Global Outcomes (KDIGO) Acute Kidney injury Work Group. Clinical Practice Guideline for Acute Kidney injury[END_REF] CKD based on eGFR calculated with the three-variable modification of diet in renal disease (MDRD) formula was defined according KDIGO criteria. [START_REF]Kidney Disease: Improving Global Outcomes (KDIGO). Clinical Practice Guideline for the Evaluation and Management of Chronic Kidney Disease[END_REF] Other renal function parameters included the evaluation of urinary protein/creatinine ratio (PCR) expressed as mg/mmol of creatinine. Past medical history and baseline therapeutic management were noted for all patients. Some clinical (blood pressure, abdominal pain and fever) and biological (level of lactate dehydrogenase, C-reactive protein and neutrophil count) data classically associated with RI were recorded at the time of renal scintigraphy. Follow-up began when the renal scintigraphy was performed. Where possible, we compared the following between the groups of patients with and without RI: percentage increase in creatinine levels between renal scintigraphy and last follow-up evaluation. All patient deaths occurring during the follow-up period were recorded. 

Statistical analysis and ethical considerations

RESULTS

Validation of 99m Tc-labeled DMSA renal scintigraphy for the detection of potential renal infarction

We first validated the use of 99m Tc-labeled DMSA renal scintigraphy for screening patients for RI. A 56-year-old man who underwent kidney transplantation for diabetic nephropathy was admitted to our hospital for acute graft failure. Renal graft biopsy specimens revealed unexpected and severe recent renal cortical necrosis (Figure 2A,2B). 99m Tc-labeled DMSA scintigraphy demonstrated three cortical defects suggestive of RI in the graft, with this diagnosis subsequently confirmed by magnetic resonance imaging (MRI) (Figure 2C,2D).

Based on this promising preliminary finding showing a close correlation between renal biopsy, renal scintigraphy and MRI findings, we performed renal 99m Tc-labeled DMSA scintigraphy some patients referred to our amyloidosis center for suspected cardiac amyloidosis between 1 October 2015 and 28 February 2018. Thus, during the study period, 676 patients were admitted to our institution for screening for suspected cardiac amyloidosis.

The diagnosis of cardiac amyloidosis diagnosis was confirmed in 431 cases (AL in 131 cases,

ATTRm in 100 cases, ATTRwt in 174 cases and another form in 26 cases), but 343 of these patients did not undergo renal scintigraphy (Figure 1). We found that baseline eGFR did not differ significantly between the 318 cardiac amyloidosis patients (including exclusively patients with AL (n=107), ATTRm (n=76) and ATTRwt (n=135)) who did not undergo renal scintigraphy and cohort of 87 patients (with similar types of amyloidosis, AL (n=24), ATTRm (n=24) and ATTRwt (n=39)) who did (eGFR = 60 (47-78) versus 55 (41-72) mL/mn/1.73m 2 ,

P=.06)

Baseline demographic, clinical, biological and echocardiographic data by patient subgroup

Amyloidosis with cardiac involvement was confirmed in 88 of the 104 patients who underwent renal scintigraphy (Figure 1). One patient with a diagnosis of mutated ApoA2 systemic amyloidosis and bilateral RI was excluded from the analysis. Extensive investigations led us to conclude that 16 of these 104 patients did not have cardiac amyloidosis. Endomyocardial biopsy was performed in one case, and none of the patients had amyloid deposits on accessory salivary gland biopsy specimens. The diagnosis of heart involvement not due to amyloidosis was also based on the absence of immunoglobulin components or changes in free light chain concentration, negative test results based on the sequencing of all the genes known to be associated with amyloidosis and a lack of fulfillment of multimodal screening criteria for amyloidosis (echocardiography, bone scintigraphy, cardiac MRI). 99 TC-bisphosphonate bone scintigraphy was performed in all 16 patients and was negative in all cases. The main differences between patients with cardiac involvement related or unrelated to amyloidosis are summarized in the Supplemental Table . We found that the patients with cardiac amyloidosis were older (P=.009), had more severe cardiac disease based on global strain (P<.001) and were more likely to be taking anticoagulants (P=.02) than the patients without amyloidosis. In addition, troponin and NT-proBNP levels were higher (P<.001 and P<.001, respectively), and albumin levels were lower in cardiac amyloidosis patients (P=.003). Patients were assigned to three groups on the basis of the underlying amyloidosis disorder: AL amyloidosis in 24 cases (27.5%), ATTRm in 24 patients (27.5%) and ATTRwt in 39 patients (45%). The baseline characteristics of the patients are summarized in Table1. The patients of the ATTRwt group were significantly older (P <.001), and were more frequently men (P=.02), to display paroxysmal or permanent auricular fibrillation (P <.001) and to be on anticoagulation treatment (P<.001) than the patients of the other subgroups. Patients with AL amyloidosis had significantly higher median levels of NT-pro BNP (P=.02), median urinary PCR (P<.001), lower blood albumin levels (P=.001) and were more likely to have nephrotic syndrome at baseline (P<.001). Other demographic, clinical and biological data and echocardiographic parameters did not differ significantly between the three groups of patients at baseline. The methods used for the definitive diagnosis of the different types of amyloidosis and the characteristics of these forms are shown in Table 1. Endomyocardial biopsy was performed in 28 cases in all, but was less frequent in the ATTRwt group than in the other groups (P=.03), whereas renal biopsy was performed exclusively in patients from the AL amyloidosis group (P=.001). The TTR variants found in the 24 patients of the ATTRm group are listed in the legend to Table 1.

Characteristics of patients with renal infarction demonstrated by 99m Tc-labeled DMSA renal scintigraphy 99m

Tc-labeled DMSA renal scintigraphy revealed features consistent with RI diagnosis in 18 patients with cardiac amyloidosis (20.7%) and in four of 16 patients (25%) without cardiac amyloidosis (P=.76) (Figure 1). Figure 3 illustrates the main findings of 99m Tc-DMSA imaging for a patient with cardiac amyloidosis and RI. Thirteen patients (72.2%) had a single defect of the renal parenchyma, whereas five patients (27.8%) presented two or more lesions.

Four patients (22.2%) were classified as having grade I and 14 (77.8%) as having grade II RI.

The right kidney was involved in six patients (33.4%), the left kidney in eight patients (44.4%), and four patients (22.2%) had bilateral RI. We then compared the baseline characteristics of amyloidosis patients according the presence (n=18) or absence (n=69) of RI (Table 2).The frequencies of the classical risk factors potentially associated with RI occurrence did not differ significantly between the patients with RI and those without RI: eleven of the patients with RI (64.7%) had paroxysmal or permanent auricular fibrillation (vs. 35 (51.5%) in the group without RI, P=.33), 11 had severe heart involvement (global strain below 10%; 61.1% vs. 32 (46.4%) in the group without RI, P=.27), and three had nephrotic syndrome (16.7%vs 4 (5.9%) in the group without RI, P=.14). Four of the 10 patients on anticoagulation treatment at the time of RI diagnosis were taking oral vitamin K antagonists (all these patients had international normalized ratios (INRs) in the therapeutic range) and six were taking oral direct anticoagulants. No other baseline findings other than proteinuria (P=.03) differed between the groups of patients with and without RI. None of the patients underwent renal biopsy at the time of RI diagnosis, but RI was diagnosed in one of the five patients with renal biopsy-proven AL amyloidosis. This patient displayed massive, predominantly vascular amyloid deposits associated with partial arterial occlusion (Figure 4).

Renal infarction is associated with kidney impairment in patients with cardiac amyloidosis

Median baseline serum creatinine level and eGFR did not differ significantly between the groups of patients with and without RI (P=.61 and P=.72, respectively) (Table 2). The median interval between amyloidosis diagnosis and renal scintigraphy did not differ between these two groups but RI was significantly associated with AKI at the time of renal scintigraphy (44.4 vs. 13.2%, P=.003) (Table3). An analysis of AKI severity according to KDIGO criteria revealed that KDIGO stages 1 and 2 were more frequent among patients with RI than among those without RI (P=.001and P=.001, respectively). After a similar mean follow-up in the two groups (P=.77), median serum creatinine level was found to have increased from baseline to last follow-up (109 µmol/L (93-152) to 145 µmol/L (85-220) in the RI group, whereas it had not changed in the non-RI group (124 µmol/L (94-152) to 125 µmol/L (92-165)). Analysis of the specific outcomes for the eight patients with AKI and RI at the time of renal scintigraphy revealed that two of these patients died during the month following RI diagnosis and two required renal replacement therapy (hemodialysis in two cases, followed by kidney transplantation in one case). Finally, the likelihood of RI on 99m Tc-DMSA scintigraphy was found to be higher in cardiac amyloidosis patients displaying AKI on the day of imaging than in patients without AKI (47.1% vs. 14.5%, P=.003). We found that overall heart transplant-censored patient survival did not differ significantly between patients with and without a diagnosis of RI (P= .64) (Figure 5). This finding remained non-significant for analyses according to the underlying amyloidosis disorder (patient survival with and without RI for the AL amyloidosis, ATTRwt and ATTRm subgroups) (data not shown). By contrast, we found that death-and heart transplant-censored renal survival was significantly lower in patients with RI (P<.001) (Figure 6).

DISCUSSION

In this study, the prevalence of RI, as demonstrated by 99m Tc-DMSA renal scintigraphy, was relatively high (20.7%) among the 87 patients with a definitive diagnosis of confirmed cardiac amyloidosis. CT scan is the gold standard method for RI confirmation, but this approach is unsuitable for use in patients at particular risk of developing iodinated contrast-induced nephropathy. [START_REF] Suzer | CT features of renal infarction[END_REF] In these patients, MRI should be considered as an alternative method, but this technique is contra indicated in patients with heart devices. As 60% and 61.6% of our cohort had heart devices and various stages of pre-existing CKD, respectively, we investigated the prevalence of RI in patients with cardiac amyloidosis by 99m Tc-DMSA renal scintigraphy.

Renal scintigraphy confirmed the presence of RI in 36 of 37 patients in the study performed by Hazanov et al and in all patients in the study performed by Lessman et al. [START_REF] Hazanov | Acute renal embolism: Forty-four cases of renal infarction in patients with atrial fibrillation[END_REF][START_REF] Lessman | Renal artery embolism clinical features and long-term follow-up of 17 cases[END_REF] Before starting to assess RI with 99m Tc-DMSA renal scintigraphy, we validated this technique for this purpose by showing, in one kidney transplant recipient (without renal graft amyloidosis), a close correlation between renal biopsy, renal scintigraphy and MRI findings suggesting that 99m Tc-DMSA renal scintigraphy is a potentially effective and useful tool for detecting RI in patients, in whom CT scans and MRI must be used with cautions. Amyloid cardiomyopathy may be associated with thromboembolic events, mostly due to atrial fibrillation, leading to intracardiac thrombus formation. [START_REF] Feng | Intracardiac thrombosis and embolism in patients with cardiac amyloidosis[END_REF] Some baseline characteristics, including those potentially associated with a higher likelihood of thromboembolic events differed between the AL amyloidosis, ATTRwt and ATTRm groups. Nevertheless, we found no difference in RI prevalence between patients with cardiac amyloidosis from the different groups defined on the basis of the underlying pathogenesis of amyloid production. In the meta-analysis carried out by Antopolsky et al., atrial fibrillation was identified as the main causal factor in 61% of published cases of RI. [START_REF] Antopolsky | Renal infarction in the ED: 10-year experience and review of the literature[END_REF] In a Korean survey, 55.7% of RI cases were of cardiac origin. [START_REF] Oh | Clinical characteristics and outcomes of renal infarction[END_REF] In our study, a history of arrhythmic heart diseases was not significantly associated with a higher risk of RI. Thus, atrial amyloid infiltration may lead to the generation of atrial clots even in patients in sinus rhythm. [START_REF] Stables | Atrial thrombi occurring during sinus rhythm in cardiac amyloidosis: evidence for atrial electromechanical dissociation[END_REF][START_REF] Dubrey | Atrial thrombi occurring during sinus rhythm in cardiac amyloidosis: evidence for atrial electromechanical dissociation[END_REF] Forty-nine patients were on anticoagulation therapy at the time of renal scintigraphy, with no difference in frequency between the RI and non-RI groups. Following the diagnosis of RI, the six patients taking oral direct anticoagulants were all switched onto heparin. These data suggest that oral anticoagulation treatment does not provide full protection against the risk of RI. Baseline echocardiographic features, including the number of patients with severe heart involvement and NT-proBNP levels, did not seem to differ between patients with and without RI. As these parameters were assessed at baseline, we cannot rule out the possibility of heart function declining at the time of or immediately before the occurrence of RI.

Thromboembolic events, whether arterial or venous, are major life-threatening complications of nephrotic syndrome. [START_REF] Kerlin | Epidemiology and pathophysiology of nephrotic syndrome-associated thromboembolic disease[END_REF] The higher proteinuria observed at baseline in the patients of the RI group may reflect more severe renal disease in these patients, but baseline eGFR and the number of patients with pre-existing CKD did not differ between the two groups.

Unfortunately, in our study, proteinuria level was not assessed at the time of RI diagnosis but exclusively at baseline. Nevertheless, previous report suggests that RI may promote glomerular collapse associated with significant proteinuria. [START_REF] Canaud | Glomerular collapse associated with subtotal renal infarction in kidney transplant recipients with multiple renal arteries[END_REF] Mihout et al, described the case of a patient with major vascular AL amyloid deposits without significant glomerular involvement, suggesting that in situ renal vascular obstruction may promote RI. [START_REF] Mihout | Bilateral kidney infarction due to primary AL amyloidosis: A first case report[END_REF] This hypothesis was previously put forward in a report on one patient with myocardial infarction. [START_REF] Soma | A case of ST-elevated myocardial infarction resulting from obstructive intramural coronary amyloidosis[END_REF] Predominantly vascular amyloid deposits remain a rare finding on renal biopsy specimens from patients with AL or ATTRm amyloidosis. [START_REF] Eirin | Clinical features of patients with immunoglobulin light chain amyloidosis (AL) with vascular-limited deposition in the kidney[END_REF][START_REF] Lobato | Transthyretin amyloidosis and the kidney[END_REF] By contrast, in the study of Said et al., in which 474 kidney biopsy specimens from amyloidosis patients (with no cases of ATTRm amyloidosis) were reviewed, the authors found that vascular involvement was frequent, but differed with the type of amyloidosis (more frequently observed in patients with AL or AA amyloidosis). Interestingly, in their study, Said et al. found no cases of cortical necrosis, but no MRI, CT scan or renal scintigraphy was performed before renal biopsy. [START_REF] Said | Renal amyloidosis: origin and clinicopathologic correlations of 474 recent cases[END_REF] Herrera et al.

described the pathological spectrum of patients with plasma cell dyscrasia from a series of 77 autopsies (including 4 cases of amyloidosis). Only three patients were found to have renal infarcts and none of these patients had amyloidosis. [START_REF] Herrera | Renal pathologic spectrum in an autopsy series of patients with plasma cell dyscrasia[END_REF] Consistent with the possibility of arterial vascular events being related to vascular AL amyloids deposits in some tissues, we showed, in one patient extensive vascular AL amyloid deposits associated with partial arterial occlusion.

One of the most important results of this study is the finding that AKI in a context of cardiac amyloidosis may be due to RI. Several factors, including direct kidney damage due to amyloid deposits [START_REF] Lobato | Transthyretin amyloidosis and the kidney[END_REF][START_REF] Desport | Centre national de référence pour l'amylose AL et les autres maladies par dépôts d'immunoglobulines monoclonales: Al amyloidosis[END_REF] , and indirect mechanisms of damage such as renal failure due to low cardiac output may be involved in the renal failure observed in these patients. [START_REF] Falk | Diagnosis and management of the cardiac amyloidoses[END_REF] In our study, 44.4% of patients with cardiac amyloidosis displayed AKI at the time of renal scintigraphy.

Unfortunately, we could not date the occurrence of RI accurately. However, AKI seems to be a common finding during the course of RI. In the study by Oh et al. of 438 patients with RI, 20.1% of patients developed AKI. [START_REF] Oh | Clinical characteristics and outcomes of renal infarction[END_REF] The risk of AKI in patients with RI is closely related to the presence or absence of a pre-existing CKD and to the severity of RI. Patients with cardiac amyloidosis frequently display pre-existing CKD; 22.2% of these patients in our cohort had bilateral RI, classified as grade II in 77.8%. The finding that RI is more likely to occur in patients with cardiac amyloidosis that have AKI highlights the possibility that AKI may be due to RI. The potential value of initiating anticoagulant treatment to improve renal function requires further investigations, but such treatment should probably be discussed, to decrease the risk of new thromboembolic events. In a retrospective study, 32.5% of patients with RI diagnosis developed CKD within three months of discharge. [START_REF] Lin | Risk factors for development of chronic kidney disease following renal infarction: Retrospective evaluation of emergency room patients from a single center[END_REF] The Kaplan-Meier curves for renal survival based on our results suggest that RI may be associated with a significant subsequent deterioration of renal function.

Our study has several limitations. First, we cannot draw any firm conclusions about the specific mechanisms involved in the occurrence of RI. The cause of RI in these patients remains unclear, but is probably multifactorial (due to hemostasis disorders for patients with significant proteinuria, extensive vascular renal amyloid deposits in some cases, and heart dysfunction and/or arrhythmic heart diseases promoting intracardiac thrombus formation and embolism). Second, although our study was not primarily designed to compare the prevalence of RI between patients with heart involvement due to amyloidosis and those with heart involvement of other aetiologies, we found that 25% of patients without a diagnosis of cardiac amyloidosis displayed RI. Unfortunately, the small number of patients without cardiac amyloidosis precluded any definitive conclusions about the RI prevalence, but our results nevertheless suggest that this condition is probably misdiagnosed in this population. Third, as mass spectrometry-based tissue typing was not performed, we cannot definitively exclude the possibility that the type of amyloidosis may have been mischaracterized in some patients.

Fourth, the facilities were not available for renal scintigraphy every day of the week, so all patients with a diagnosis of cardiac amyloidosis referred in our institution were not included in this study. Nevertheless, we found that cardiac amyloidosis patients who did and did not undergo 99m Tc-labeled DMSA renal scintigraphy had no different baseline eGFR values, suggesting a lack of selection bias according to baseline renal function.

CONCLUSION

Our study suggests that RI should probably be added to the spectrum of renal manifestations related to systemic amyloidosis in cases of heart involvement. This study describes a relatively high frequency of RI in patients with amyloid and non-amyloid heart disease. It suggests that RI, which is generally considered a rare event, is more widespread in patients with heart failure than previously thought. Regardless of the type of amyloidosis, a diagnosis of RI should be considered in patients with unexplained AKI. Further studies are now required to evaluate the potential value and optimal type of curative anticoagulation therapy and to identify the mechanisms underlying RI in patients with cardiac amyloidosis. This observational study was conducted in the Amyloidosis Referral Center of Henri-Mondor Hospital (France). Among 676 patients referred to our Amyloidosis center for suspected cardiac amyloidosis diagnosis a renal 99m Tc-DMSA scintigraphy was performed in 104 adult patients. Among them, amyloidosis with cardiac involvement was confirmed in 88 cases.

Three groups of patients were identified according to the underlying amyloidosis disorder. In patients with cardiac amyloidosis, renal infarction was detected in 18 cases (20.7%). 

  Continuous variables are expressed as mean ±standard deviation (SD) or median (interquartile range), depending on the distribution. Dichotomous data are expressed as percentages. For qualitative variables, frequency differences were compared in χ2 tests with Pearson's correction. For continuous data, Mann-Whitney tests were used to compare pairs of groups, and Kruskal-Wallis tests were used to compare three groups at a time. Statistical analysis was performed with SPSS software (version 19.0 for Windows 2010 SPSS Inc.). P-values <.05 were considered statistically significant. We assessed the prognostic effect of RI on patient survival, by comparing patients with and without RI. Log-rank tests and Kaplan-Meier curves (Stat 14 statistical software) were used to compare time-to-event variables between the two groups. Patient survival was censored for heart transplantation. We also investigated kidney survival censored for death and heart transplantation, using a combined endpoint consisting of a 50% increase in serum creatinine concentration between baseline and last follow-up or the need for renal replacement therapy (dialysis or kidney transplantation). This study was performed in accordance with the Declaration of Helsinki. All patients provided written informed consent before study enrolment. The study protocol was approved by our local ethics committee (Créteil) and by the French Comité National de l'Informatique et des Libertés (CNIL number 1431858). Data collection was approved by DIRC Ile de France (DC 2009-930).
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Table 1 : Baseline demographic, clinical, biological and echocardiographic characteristics, by underlying amyloidosis disorder

 1 ATTRm= mutated TTR amyloidosis, ATTRwt= wild-type TTR amyloidosis BMI =body mass index NYHA= New York Heart Association dyspnea class AF= atrial fibrillation Global strain= left ventricular global longitudinal strain LVEDD= left ventricular end-diastolic diameter, LVEF= left ventricular ejection fraction Em/Am= ratio of early (Em wave) to late (Am wave) filling of the left ventricle (transmitral diastolic peak flow velocities) Em/e'= ratio of early (Em wave) filling of the left ventricle (transmitral diastolic peak flow velocity) to early diastolic mitral annular velocity (e' wave) NT-proBNP =N-terminal prohormone of brain natriuretic peptide PM= pacemaker, ICD= implantable defibrillator eGFR= estimated glomerular filtration rate, MDRD =modification of diet in renal disease formula , CKD= chronic kidney disease

	Variables

Table 2 : Baseline demographic, clinical, biological and echocardiographic characteristics in patients with cardiac amyloidosis with and without renal infarction

 2 

	Variables

Abbreviations and Acronyms:

RI (Renal infarction), DMSA (Dimercaptosuccinic acid), ATTRwt (Wild-type TTR amyloidosis), ATTRm (Mutated-TTR amyloidosis), AKI (Acute kidney injury), CKD (Chronic kidney disease), eGFR (Estimated glomerular filtration rate), KDIGO (Kidney Disease Improving Global Outcomes)