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Abstract
Background: Nephropathic cystinosis is an autosomal recessively inherited metabolic disorder presentingwith metabolic acidosis, Fanconi syndrome and renal failure.
Case Presentation: We present a 6-year-old girl with severe growth failure, hyponatremia and hypokalemia.Her parents were 4th degree relatives. Two relatives were diagnosed as end stage renal failure. She also hadpersistant hypokalemic hypochloremic metabolic alkalosis. Her renal function was normal at presentation.She was thought to have Bartter syndrome with supporting findings of elevated levels of renin andaldosterone with normal blood pressure, and hyperplasia of juxtaglomerular apparatus. Her metabolicalkalosis did not resolve despite supportive treatment. At 6th month of follow-up proteinuria, glucosuria anddeterioration of renal function developed. Diagnosis of cystinosis was made with slit lamp examination andleukocyte cystine levels. At 12th month of follow-up her metabolic alkalosis has converted to metabolicacidosis.
Conclusion: In children presenting with persistant metabolic alkalosis, with family history of renal failure,and parental consanguinity, cystinosis should always be kept in mind as this disease is an important cause ofend stage renal failure which may have features mimmicking Bartter syndrome.
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IntroductionCystinosis is a metabolic disorder due to defectivelysosomal transport of cystine characterized byaccumulation of cystine crystals in various organs.It is an autosomal recessive disorder associatedwith mutations of CTNS gene, encoding alysosomal transport protein named cystinosin[1].Cystinosin is responsible for transport of cystine

out of intracellular lysosomes and into thecytoplasm[2]. There are three variants;nephropathic form is the most commonly seen onewhich has the worst prognosis[2,3].Clinical phenotype of nephropathic cystinosis ischaracterized by renal tubular Fanconi syndromeand development of end stage renal disease(ESRD) during first decade[1]. It was hypothesizedthat as lysosomes were involved in an important
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process of programmed cell death, accumulatedcystine crystals may cause increased apoptosis.This in turn may be responsible for retinopathy,early renal tubular dysfunction and other aspectsof classic nephropathic cystinosis[2]. Ocularfindings involving both cornea and retina areimportant for early diagnosis[1]. Although,classically, metabolic acidosis is a prominentfeature of the disease, rarely patients may presentwith hypokalemic metabolic alkalosis mimickingBartter syndrome. Only 11 cases of cystinosispresenting with metabolic alkalosis have beenreported in the literarature[4-10]. We present a caseof nephropathic cystinosis clinically resemblingBartter syndrome.

Case PresentationA 6-year old girl admitted to our hospital withsevere growth failure, was referred to our clinicbecause hyponatremia (129 mmol/lt) andhypokalemia (2.1 mmol/lt). She had history ofpolyuria, polydipsia and episodes of dehydrationrequiring hospitalization. She was born full term.She was a low birth weight newborn. Her parentswere 4th degree relatives and healthy. Motor andmental development stages were normal for herage. She had 3 siblings with no health problem.Two cousins of grandfather were being treatedwith diagnosis of ESRD one of whom died due toESRD. In physical examination, both weight andheight were below 3 percentiles for the age. Shewas normotensive (50p). She had blonde hair andfair skin. She had a triangular face andprotuberant forehead. She was mildly dehydratedwith dry mucosal surfaces and decreased skinturgor. Laboratory values: Hb 10.3 g/L, Hct 30.4%,WBC 7.700/mm3, PLT 229.000/mm3. Serum ureawas high and creatinine was normal (56 mg/dl,0,8 mg/dl, respectively). She had hyponatremia,hypokalemia, hypochloremia and hypophosphat-emia (126mmol/lt, 2.9 mmol/lt, 88 mmol/lt, and1.8 mg/dl respectively). Serum Mg (2.3 mg/dl),total protein (6.5 mg/dl), albumin levels (3.5mg/dl), liver function and thyroid function testswere normal. Urine specific gravity was low(1000), urine pH was 5.5, and urinary glucose was

negative. Urine microscopic examination wasnormal. Urine culture was negative. She hadproteinuria (12 mg/m2/hour), and hypercalciuria(5.5 mg/kg/day). Fractional excretion of sodiumand potassium was high (1.4% and 34%,respectively), tubular phosphate reabsorption waslow (67%). In arterial blood gas analysis there wasmetabolic alkalosis (pH 7.45, cHCO3 28.3mmol/L). Urinary aminoacid excretion wasnormal. Her daily urine volume was 2.5-4 lt/day(10 ml/kg/day) and fluid intake 5-6 lt/day.Glomerular filtration rate was 88 ml/min/1.73 m2.Plasma renin activity was 80ng/ml/h (0.5-5.9ng/ml/h), serum aldosterone level was1400pg/ml (20-240pg/ml). Serum parathyroidhormone level was 1135pg/ml (11-67pg/ml).Urine B2 microglobulin was 13774µg/gr creatinin(≤300µg/gr creatinin). On renal ultrasonography(USG) examination there was no finding related tonephrocalcinosis and urinary system anatomy wasnormal. Renal biopsy has been performed duringfollow-up due to development of nephrotic rangeproteinuria, which revealed hyperplasia ofjuxtaglomerular apparatus.In view of history of small gestational age birth,polyuria, polydipsia, failure to thrive, history ofepisodic dehydration, hypercalciuria,hypernatriuria, inability to concentrate urine,persistant hypokalemic hypochloremic metabolicalkalosis, normal blood pressure, elevated reninand aldosterone levels, and renal biopsy finding ofhyperplasia at juxtaglomerular apparatus andparental consanguinity patient was thought tohave Bartter syndrome. She receivedindomethacine and potassium chloride. During 6months of follow-up, metabolic alkalosis andhypokalemia did not resolve, proteinuriaincreased and also her renal function deteriorated.When reevaluated, we detected increased glucoseexcretion in urine (24-hour glucose excretion was5.2 gr/day). Radiologic examination of wrist,performed because of high level of serum alkalinephosphatase (774U/L), was compatible withrickets. As proximal tubulopathy findings weremore predominant, rickets was detected, renalfailure was settled and rare cases of cystinosispresenting with features of Bartter syndrome likemetabolic alkalosis was described. In order tocheck for cystinosis presenting with metabolicalkalosis, slit lamp examination of the cornea
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revealed cystine crystals (Fig 1). Leukocyte cystinelevels were high (5.27 nmol 1/2 cystine/mgprotein) and was compatible with homozygouscystinosis. We started to treat with oralcysteamine, cysteamine eye drops, 1,25dihydroxycholecalciferol and oral potassiumsupplementation. At 12th month of follow-up nowher alkalosis was converted to acidosis at last visit.

Fig. 1: Corneal cystinosis crystals, documented with slitlamp photography
DiscussionNephropathic cystinosis is the most commoninherited cause of renal Fanconi syndrome.Cystinosis classically presents with findings oftubular dysfuntion like glucosuria, aminoaciduria,phosphaturia, proximal renal tubular acidosis, andaccumulation of cystine crystals in eye. Althoughrenal tubular acidosis is an important feature ofnephropathic cystinosis, there are rare reportedcases of cystinosis presenting like Barttersyndrome, with metabolic alkalosis[10].Pathophysiologic mechanisms causingcystinosis presenting with features of Barttersyndrome is not clear[10]. Although tubulardysfunction may be related with it, relationshipbetween cystine accumulation and tubulardysfunction is not known. There were studiesreporting association of cystine accumulation withalteration in cellular energy metabolism whichresults in decreased Na/K-ATPase activity anddecreased Na absorption[11]. In a study reported

by Yildiz et al, authors speculated that decreasedNa reabsorption causes increased distal tubulardelivery of sodium and exchange of sodium forpotassium and hydrogen ions with resultanthypokalemic alkalosis[9]. Juxtaglomerularapparatus hyperplasia and elevated renin andaldosterone levels were reported in cystinosispatients which may also cause metabolicalkalosis[3].In a study by Penesi et al, they presented twosiblings with a clinical and metabolic pictureresembling Bartter syndrome in whom they wereable to show a new mutation. As there was closerelationship between phenotypic and genotypicfeatures of these patients, this new mutation waspossibly thought to be related to a new subtype ofcystinosis[8]. Unfortunately we were not able tomake genetic evaluation in our patient. It is alsoimportant to remember that, in addition to thegenetic mutations, other factors likeenvironmental factors and modifying genes mayalso be important in presentation of a certainphenotype.Findings of tubular dysfunction in our patientwere thought to be compatible with Barttersyndrome. As there was no response to treatment,with appearance of massive proteinuria, ricketsand deterioration in renal function, diagnosis ofcystinosis was made through demonstration ofcystine crystals in cornea. There were 11 reportedcases of cystinosis with metabolic alkalosis inliterature. In the case reported by Berio et al,proximal renal tubular acidosis converted tometabolic alkalosis at 5 years of age. Average ageat first admission was between 1 year and 5 yearsand average time for diagnosis after firstadmission were between 1 month and 5 years. Ourpatient was diagnosed as cystinosis at 8th month offollow-up. Majority of these cases were presentedwith failure to thrive, polyuria and polydispsiawhich were also the presenting complaints of ourpatient[4-10].During childhood, hypophosphatemic ricketscan be thought among the hereditaryphosphaturic disorders. However, hypo-phosphatemic rickets manifest early in childhoodwith the typical clinical features of ricketsparticularly bone deformities of lower limbs[13].Our patient had no signs apart from enlargementof the hand wrist. Additionally, PTH levels in
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hypophosphatemic rickets are not as high as inour patient[12].Early diagnosis is important in nephropathiccystinosis because the patients are candidates forESRD and renal transplantation; cysteaminetreatment given to these patients may delayappearance of this ominous outcome[1]. However,because metabolic alkalosis is rarely a feature ofcystinosis, delayed diagnosis is frequent in thesepatients. So in patients with failure to thrive,metabolic alkalosis and progression to renalfailure, cystinosis should always be kept in mind.Slit lamp examination is an easy and generallyeffective way of diagnosing cystinosis and shouldbe done in patients with this clinical picture.
ConclusionNephropathic cystinosis is an autosomalrecessively inherited metabolic disorder withfeatures of metabolic acidosis, tubulopathy andrelated Fanconi syndrome, multiple systeminvolvement, and eventual development of ESRD.Clinicians should be careful about atypicalpresentation of this disease as presented herebecause it may present with metabolic alkalosisresistant to treatment mimicking Barttersyndrome. With early and appropriate treatment,development of renal failure may be delayed. Slitlamp examination and leukocyte cystine levels,where available, should be performed fordiagnosis of this important disease.
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