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Severe cyclophosphamide-related hyponatremia in a patient with acute glomerulonephritis
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Abstract
Cyclophosphamide is frequently used to treat cancer, autoimmune and renal diseases, such as rapidly progressive glomerulonephritis. Its side effects are well-known, including bone marrow depression, infections, alopecia, sterility, bladder malignancy and hemorrhagic cystitis. Moreover, in some cases cyclophosphamide use has been related to the onset of hyponatremia, by development of a syndrome of inappropriate antidiuresis. Indeed, severe hyponatremia has been previously reported in patients treated with high-dose or moderate-dose of intravenous cyclophosphamide, while only few cases have been reported in patients treated with low dose. Here, we discuss a case of inappropriate antidiuresis followed to a single low-dose of intravenous cyclophosphamide in a patient with a histological diagnosis of acute glomerulonephritis, presenting as acute kidney injury. After cyclophosphamide administration, while renal function gradually improved, the patient developed confusion and headache. Laboratory examinations showed serum sodium concentration dropped to 122 mmol per liter associated with an elevated urinary osmolality of 325 mOsm/kg, while common causes of acute hyponatremia were excluded. He was successfully treated with water restriction and hypertonic saline solution infusion with the resolution of the electrolyte disorder. This case, together with the previous ones already reported, highlights that electrolyte profile should be strictly monitored in patients undergoing cyclophosphamide therapy in order to early recognize the potentially life-threatening complications of acute water retention.  
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Core tip: The syndrome of inappropriate antidiuresis (SIAD) is a disorder of sodium and water balance characterized by hypotonic hyponatremia and impaired urinary dilution in the absence of renal disease or any non-osmotic stimulus known to release anti-diuretic hormone. It may be caused by several conditions including infections, neoplasms and use of some medications, such as antipsychotics, antidepressant and immunosuppressive drugs. Here, we report the clinical course of a case of SIAD attributed to administration of a single low-dose of intravenous cyclophosphamide in a patient with an acute glomerulonephritis.
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INTRODUCTION
Hyponatremia is the most frequent electrolyte disorder, being potentially a marker of different underlying diseases or a cause of morbidity itself.
Clinical manifestations vary from asymptomatic forms to severe neurological alterations, in dependence of hyponatremia severity, progression rate and intra- to extracellular osmotic gradient entity.  Differential diagnosis is often challenging, since it includes diseases, which, in view of similar clinical pictures, have very different pathophysiological bases, such as syndrome of inappropriate antidiuresis (SIAD), cerebral/renal salt wasting syndrome (C/RSWS) and endocrine syndromes[1]. 
SIAD is a disorder of sodium and water balance characterized by hypotonic hyponatremia and impaired urinary dilution in the absence of renal disease or any identifiable non-osmotic stimulus known to release antidiuretic hormone (ADH). SIAD may be itself caused by different conditions, including infections, neoplasms and use of several medications, such as antipsychotics, antidepressant[2] and immunosuppressive drugs[3].
Here, we report the clinical course of a rare case of SIAD attributed to cyclophosphamide (CYC) administration in a patient with a proliferative glomerulonephritis.

CASE REPORT
A 56-year-old man was referred to our Nephrology Department for rapidly decline of glomerular filtration rate (GFR), proteinuria and haematuria.
He presented a history of hypertension, chronic kidney disease (with a stable serum creatinine of 158 mmol/L, estimated GFR 40 mL/min/1.73 mq CKD-EPI), Crohn disease, psychiatric disorder in treatment with selective serotonin reuptake inhibitors (SSRIs) and normal pressure hydrocephalus with ventriculo-peritoneal shunt. 
At the admission, the patient presented a well-controlled blood pressure (17.3/10 kPa) and significant peripheral oedema. Laboratory examinations showed: serum creatinine 290 mmol/L (corresponding to an estimated GFR of 19 mL/min/1.73mq), urea 47 mmol/L, sodium 137 mmol/L, potassium 3.69 mmol/L, serum albumin 30 g/L, cholesterol 3.93 mmol/L and triglycerides 2.19 mmol/L. 
Urinalysis showed microhematuria, while quantitative proteinuria 2.26 g/24 h. Autoimmunity evaluation, which included ANA, ENA, ANCA, C3 and C4, resulted negative. 
So, in order to better elucidate the causes of renal disorder, we performed a percutaneous renal biopsy. Histological examination showed glomeruli with mesangial expansion and endocapillary hypercellularity due mostly by neutrophils infiltration with some karyorrhetic bodies, fibrinoid necrosis of small arterioles, and fibrocellular crescents. There was also moderate tubular atrophy within massive protein droplets, and moderate interstitial fibrosis (Figure 1).  Immunofluorescence analysis did not show immune deposits, while electronic microscopy was not performed. So, considering clinical and histological findings our final diagnosis was rapidly progressive glomerulonephritis secondary to ANCA-negative pauci-immune crescentic glomerulonephritis.
At the time of biopsy pharmacological treatments included intravenous diuretics (furosemide 125 mg/d), antihypertensive drugs and SSRI.  After the renal biopsy, also in consideration of the further deterioration of renal function (serum creatinine till 343 mmol/L), intravenous methylprednisolone was administered at the dose of 500 mg for three days followed by oral steroid at the initial dose of 1 mg/kg per day. In addition, the induction therapy was completed with a single dose of 500 mg of intravenous CYC (8 mg/kg). To minimize the risk of haemorrhagic cystitis, saline solution was infused 2 h before the cyclophosphamide administration.  In the following days, while renal function gradually improved, patient clinical conditions worsened with development of confusion and headache. Laboratory examinations showed serum sodium 122 mmol/L, serum osmolality 261 mOsm/kg, urinary osmolality 325 mOsm/kg, and serum creatinine 202 mmol/L. Symptomatic hypotonic hyponatremia was further confirmed in the subsequent controls, so that fluid restriction and hypertonic saline solution (at initial concentration of 3%) treatment were initiated, while SSRIs were gradually withdrawn. In the following days, serum sodium progressively improved and we were able to reduce infusive therapy, also to prevent the increase of oedema (Figure 2).
In order to establish the pathogenesis of the acute hyponatremia we investigated thyroid and adrenal functions, which resulted normal and performed a whole-body CT scan that ruled out pulmonary or cerebral complications. Therefore, in absence of further evidence and considering the temporal relationship between CYC infusion and onset of hyponatremia, the fact that diuretic and psychiatric therapy were unchanged and the presence of hypotonic hyponatremia with impaired urinary dilution we established a diagnosis of CYC-related syndrome of inappropriate anti-diuresis (SIAD)[3]. So, in order to prevent other hyponatremia episodes further cyclophosphamide administration was avoided. 

DISCUSSION
Cyclophosphamide is an alkylating agent used in the treatment of malignant and autoimmune diseases. Its well-known side effects include bone marrow depression, infections, alopecia, sterility, bladder malignancy and haemorrhagic cystitis. Hyponatremia due to SIAD has been infrequently described and it is considered a rare adverse effect related to CYC use. Indeed, until now severe hyponatremia has been reported only in few patients treated with high-dose (30-40 mg/kg)[4,5] and moderate-dose (20-30 mg/kg) of intravenous cyclophosphamide, while even less were the cases of hyponatremia occurred in patients treated with low dose[6-8]. Different underlying mechanisms have been proposed to explain the onset of water retention and SIAD after CYC administration. They can act either stimulate ADH release or accentuate its renal effects, finally causing hyponatremia[9]. Harlow et al[10] demonstrated in a patient who received high dose of cyclophosphamide, the loss of Herrings bodies and degranulation of various hypothalamic neurosecretory organelles, leading to the inappropriate secretion of ADH. It has been also demonstrated a direct effect of an alkylating metabolite of CYC on the kidney resulting in enhanced permeability of the distal tubules to water[11]. Moreover, CYC might cause hyponatremia by up-regulating expression of the ADH receptor V2R and aquaporin 2 (AQ2) through the suppression of IL-1 and TNF-alfa, which generally act as negative regulators of VR2 expression[12].  In addition, recently Kim et al[13] demonstrated in experimental models (rat and inner medullary collecting cell cultures) that CYC could also induce V2R activation and AQP2 expression in the absence of ADH stimulation.
Actually, in our case the patient presented several predisposing factors that could have caused water retention, such as renal failure, the continuative use of SSRI and the normal pressure hydrocephalus; but the temporal association with the administration of CYC makes plausible its role in the development of the severe hyponatremia, also considering that prior to CYC treatment, he had normal serum electrolytes and did not present nausea or vomiting. Moreover, our case has common features with other reports in which hyponatremia was induced by intravenous cyclophosphamide. Hyponatremia usually occurs 12-48 hours after the administration of cyclophosphamide, and returns to normal in few days. 
In conclusion, we think that our case, together with the previous ones already reported, underlined the need to be aware of the potentially life-threatening complications of water intoxication when intravenous pulse cyclophosphamide is applied, especially in patients with other concomitant risk factors. Therefore, we strongly suggest checking electrolytes before and after CYC administration. 

COMMENTS
Case characteristics
A patient with an acute glomerulonephritis who developed an acute symptomatic hyponatremia after treatment with cyclophosphamide.

Clinical diagnosis
Acute Hyponatremia secondary to development of syndrome of inappropriate antidiuresis related to the administration of cyclophosphamide.

Differential diagnosis
Other causes of acute hyponatremia: cancers, infections, hypovolemia, use of diuretics.

Laboratory diagnosis
Hypotonic hyponatremia associated with impaired urinary dilution.

Imaging diagnosis
CT to exclude cerebral or pulmonary disorders.

Pathological diagnosis
Renal biopsy proving the presence of an acute ANCA-negative pauci-immune crescentic glomerulonephritis.

Treatment
Water restriction, hypertonic saline solution infusion.

Related reports
Previous cases of hyponatremia in patients treated with different doses of intravenous cyclophosphamide.
 
Experiences and lessons
It is necessary to carefully monitor electrolyte and water balance before and after cyclophosphamide administration. 

Peer-review
This case report is well-written and has interesting information. 
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Figure 1 Histological examination showed glomeruli with mesangial expansion and endocapillary hypercellularity with some karyorrhetic bodies, fibrinoid necrosis of small arterioles, and fibrocellular crescents (PAS, × 400).















Figure 2 Time trend of serum sodium concentration and of urinary osmolality following cyclophosphamide administration. During days 3 and 4 the urinary osmolality is inappropriate high considering the hyponatremia. In days 5 to 9 is re-established the urinary dilution capacity.
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