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Case report: Early onset de novo FSGS in a child after kidney transplantation—a successful treatment
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Background: Early onset de novo focal segmental glomerular sclerosis (FSGS) in the kidney allograft in patients without FSGS in the native kidney is a rare disorder in children. It usually occurs mostly beyond the first year after kidney transplantation and often leads to graft loss. Standardized treatment protocols have not yet been established.



Case description: We describe a boy with early onset de novo FSGS in the transplanted kidney and non-selective glomerular proteinuria (maximum albumin-to-creatinine ratio of 3.8 g/g; normal range, ≤0.03 g/g creatinine). Manifestation occurred at 30 days posttransplant and was accompanied by a significant graft dysfunction (eGFR 61 ml/min per 1.73 m2). Treatment with 25 sessions of plasmapheresis over 14 weeks and three consecutive days of methylprednisolone pulse therapy (10 mg/kg per day) followed by oral prednisolone as rejection prophylaxis (3.73 mg/m2 per day) led to sustained remission of proteinuria (albumin-to-creatinine ratio of 0.028 g/g) and normalization of graft function (eGFR 92 ml/min per 1.73 m2) after 14 weeks. The follow-up period was 36 months.



Conclusions: This case underlines the efficacy of immunosuppressive and antibody eliminating therapy in early onset de novo FSGS after kidney transplantation.
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Introduction

Focal segmental glomerular sclerosis (FSGS) in renal allografts can occur as recurrent disease or de novo, i.e., in patients without FSGS in the native kidney (1). In adults and children, the rate of recurrent FSGS is approximately 30% and is associated with a 50% risk of graft loss (2, 3). In contrast, de novo FSGS after kidney transplantation is a rare condition occurring in 0.6% to 1.6% of adult transplant recipients (4, 5). Research on children with de novo FSGS after kidney transplantation is limited.

Recurrent FSGS is thought to be mediated by soluble permeability factors that permeabilize the filtering glomerular unit leading to glomerular injury (6, 7). While treatment is based on enhanced immunosuppressive therapy and removal of these putative permeability factors by plasmapheresis, the pathogenesis of de novo FSGS is unknown (7–9). Secondary causes are thought to be predominant in de novo FSGS (5). These include hyperfiltration injury due to low nephron number (e.g., due to donor-recipient size mismatch), calcineurin inhibitor (CNI) toxicity, sirolimus treatment, and specific viral infections such as SARS-COV-2, HIV, and parvovirus (5, 6, 10, 11). Due to the suspected secondary nature of the condition, there is no established evidence-based treatment protocol. Treatment is highly dependent on the cause of de novo FSGS posttransplant and consists of renin-angiotensin-aldosterone system (RAAS) inhibition, reduction of CNI exposure, or treatment of the underlying viral infection. However, in a subset of de novo FSGS cases, the pathogenesis is thought to be similar to primary idiopathic FSGS in the native kidney, and the condition is often referred to as primary idiopathic de novo FSGS (12, 13). In these cases, treatment strategies are like those for primary or recurrent FSGS and consist of intensified immunosuppressive and antibody depleting therapy, including cyclophosphamide, rituximab, and plasmapheresis (14).

We present a young male who developed de novo FSGS after kidney transplantation, which was successfully treated with plasmapheresis for three months in combination with methylprednisolone pulse therapy.



Case report

The patient is a 10-year-old male of German-Egyptian origin, whose primary kidney disease was posterior urethral valves. Bilateral hydronephrosis and oligohydramnios were noted during pregnancy. He was born by emergency cesarean section at a gestational age of 37 weeks. Signs of chronic kidney disease were present at birth. At 4 years of age, a nephroureterectomy of the non-functioning left kidney was performed due to recurrent urinary tract infections. Kidney function deteriorated during early childhood and hemodialysis was started at the age of 9 years.

After two years of hemodialysis, the patient received his first ABO compatible kidney transplant from a deceased pediatric donor aged 2 years (12 kg body weight, drowning victim). While in the intensive care unit and prior to donation, the donor had developed mild proteinuria and glucosuria due to moderate hyperglycemia (364 mg/dl). There were 4 HLA mismatches (1 HLA-A, 2 HLA-B, and 1 HLA-DR mismatch). Posttransplant the patient developed a mildly delayed graft function requiring a single hemodialysis session due to hyperphosphatemia and hyperkalemia. Kidney function parameters normalized to a serum creatinine of 0.9 mg/dl after 14 days. Since postoperative day 2, the patient developed persistent arterial hypertension, which was treated with metoprolol succinate and amlodipine. The immunosuppressive regimen consisted of prednisolone, mycophenolate mofetil (1,200 mg/m2 per day) and tacrolimus (initial target trough levels: between 8 and 10 µg/L) according to our local standard. No induction therapy was used according to local standards. On the day of discharge (day 20 posttransplant), the serum creatinine level was 1.10 mg/dl, corresponding to an estimated glomerular filtration rate (eGFR) of 52 ml/min per 1.73 m2.

Since day 28 posttransplant, the patient developed progressive non-selective nephrotic-range glomerular proteinuria [maximum albumin-to-creatinine ratio (ACR) of 3.8 g/g] with mild hypoalbuminemia (32 mg/L) and microscopic hematuria with initially stable graft function. On day 38 posttransplant, he was admitted to the hospital for a kidney transplant biopsy. His blood pressure was markedly elevated. There was no evidence of peripheral edema or fever. The patient complained of right upper and lower quadrant tenderness on the same side as the graft. Laboratory tests showed no evidence of infection.

Histology of the kidney transplant showed FSGS in 9 of 33 glomeruli characteristic of primary FSGS. Two of the 9 glomeruli were completely sclerosed and 7 of the 9 glomeruli showed segmental sclerosis mostly involving the glomerular tip (“tip lesions”) with endocapillary foam cells and small capsular synechiae (Figure 1). No collapsing or perihilar lesions were observed. Immunofluorescence examination showed no deposits of IgA, IgG, C1q, C3, IgM, or fibrinogen/fibrin. Peritubular capillaries were C4d negative. Electron microscopy showed glomerular capillaries with partial loss of podocyte foot processes with focally loosened inner basement membrane layers without splintering or rupture. No electron dense deposits were observed.


[image: Figure 1]
FIGURE 1
Histological lesions in kidney allograft with de novo FSGS. Description: Several enlarged glomeruli demonstrate FSGS lesions that were predominantly tip lesions with endocapillary foam cells on PAS staining (A,B). Prof. Dr. med. Wiech, Institute of Pathology, University Medical Center Hamburg-Eppendorf, 2017.


Serologic testing and blood PCR analysis revealed no evidence of ongoing infection with herpes simplex virus, Epstein-Barr virus, cytomegalovirus, BK polyomavirus, or hepatitis B or C, or parvovirus B19. Due to a decline in kidney transplant function over the following 10 days (eGFR 82 to 61 ml/min per 1.73 m2), we administered methylprednisolone pulse therapy (10 mg/kg per day for three consecutive days) followed by oral prednisolone (Graphic 1). Simultaneously plasmapheresis (2,500 ml exchange volume, 1.5 plasma volume, albumin as replacement fluid) was administered on day 67 posttransplant. Initially, plasmapheresis was administered daily for one week and gradually tapered to twice weekly after 3 weeks and once weekly after 7 weeks; treatment was stopped after 14 weeks and a total of 25 sessions.
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GRAPHIC 1
Evolution of the GFR, albumin-to-creatinine ratio and successive treatments of de novo early-onset posttransplant FSGS in the patient after transplantation. Reference ranges: eGFR ≥90 ml/min per 1.73 m2, albumin-to-creatinine ratio (ACR) ≤ 30 mg/g creatinine


Partial remission of proteinuria (ACR 0.57 g/g) was observed after 7 weeks of plasmapheresis and complete remission (ACR 0.12–0.34 g/g) after 14 weeks. At the end of treatment, eGFR improved substantially during plasmapheresis from 61 ml/min per 1.73 m2 to 93 ml/min per 1.73 m2. During the 36-month follow-up period, sustained remission of proteinuria and further improvement in graft function were observed (ACR at 36 months posttransplant, 28 mg/g; eGFR, 92 ml/min per 1.73 m2), while hypertension remained in the 80th percentile.



Discussion

We present a case of very early onset de novo FSGS after kidney transplantation in a young male who was successfully treated with plasmapheresis in combination with methylprednisolone pulse therapy. In contrast to recurrent FSGS, the development of de novo FSGS is rare (5). The time of onset is often more than 12 months after transplantation and a progressive deterioration of graft function is common (5, 9). Upon initiation of therapy, our patient presented with worsening kidney graft function, increasing nephrotic-range proteinuria, and mild hypalbuminemia without peripheral edema.

While the etiology of de novo FSGS remains unclear, there are predisposing factors that may be associated with an increased risk of developing de novo FSGS: CNI toxicity, mTOR inhibitor therapy (e.g., sirolimus), rejection, and conditions that lead to glomerular hyperfiltration by reducing the number of nephrons (15, 16). These predisposing factors include diabetes mellitus, arterial hypertension, and infections such as parvovirus B19 or BK polyomavirus (5). Since 2019, COVID-19 has emerged as a new cause of de novo glomerulopathies, causing mainly collapsing but also non-collapsing FSGS in native or transplanted kidneys (17). Furthermore, a size mismatch between the kidney allograft and the recipient's body mass can lead to glomerular hyperfiltration due to a relatively low number of nephrons (nephron underdosing) (9). Of these risk factors, treatment with a CNI, arterial hypertension, and a relative size mismatch were present in our patient. However, there was no evidence of typical histologic features of CNI nephrotoxicity such as arteriolar hyalinosis or striped interstitial fibrosis/tubular atrophy (5). Therefore, CNI toxicity most likely did not contribute to the development of FSGS in this patient. There was no evidence of graft rejection or any other form of glomerulonephritis or polyomavirus nephropathy.

The young age of the kidney donor may have put our patient at risk for hyperfiltration injury. However, size mismatch is typically more pronounced in adult recipients of small pediatric organs. In the pediatric recipient, the size mismatch was observed to be moderate. In addition, secondary FSGS due to arterial hypertension/hyperfiltration injury is typically characterized by perihilar localization of FSGS lesions (18). However, the “tip lesions” seen in our patient are characteristic of primary FSGS (19). Hyperfiltration and hypertension may have contributed to the glomerular lesions, but we consider it unlikely that our patient developed de novo FSGS solely due to these factors alone.

An unrecognized primary genetic form of FSGS in the donor may have contributed to our patient's condition. The second kidney from the same donor was transplanted to a young male in Germany who also developed mild proteinuria (max ACR 0.46 g/g) and graft dysfunction. On day 38 posttransplant, a kidney transplant biopsy revealed severe acute antibody-mediated rejection (ABMR). 1 of 30 glomeruli showed evidence of segmental sclerosis. Proteinuria resolved after rejection treatment. These findings in the second recipient, together with the response to plasmapheresis in our recipient, do not support a diagnosis of genetic FSGS in the donor. While it is possible that other donor factors, such as the young donor age, may have played a role, we consider it is likely that ABMR was the primary cause of proteinuria in the second recipient.

Based on the histology, the early onset, and the lack of convincing evidence for secondary forms, we suspected primary idiopathic de novo FSGS in our patient. Therefore, we started a more intensive immunosuppressive therapy with methylprednisolone pulses in combination with plasmapheresis. This therapy has been proposed as initial therapy for recurrent FSGS in the transplanted kidney and is widely used for severe forms of primary FSGS in the native kidney (8, 9). As an anti-CD20 antibody, rituximab has been shown to induce partial or complete remission in a fraction of patients with primary FSGS in the native kidney and its recurrence after kidney transplantation (11, 20–22). Therefore, we proposed a course of rituximab, but the parents did not give consent because of concerns about the risk of infection.

Our case report suggests that plasmapheresis in combination with methylprednisolone is an effective treatment for de novo FSGS in the transplanted kidney, even without rituximab therapy. However, there is evidence that the outcome of the tip variant is superior to the other histologic variants in the native kidney (23). Spontaneous improvement may have played a role in the patient's remission, but a complete spontaneous remission of de novo FSGS is extremely rare (24). Therefore, due to the severity of the disease and the overall high risk of graft loss, we strongly advocate aggressive treatment of this disease at least in the presence of graft dysfunction.

This report is limited by the lack of an initial intraoperative allograft biopsy and the inherent uncertainties regarding the relationship between histopathologic classification and disease etiology. Further studies investigating the outcome and management of de novo FSGS after kidney transplantation in pediatric recipients are urgently needed to further guide the therapeutic management of these patients.
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