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Abstract 
Medullary Nephrocalcinosis (MNC) is defined as calcium deposition in tu-
bular basement membrane and interstitium of the kidney medulla. It is 20 
times more common than cortical one. In this case report, we present a 
12-year-boy who presented with persistent nocturnal enuresis for 8 years. 
Physical examination and routine tests were normal except for microscopic 
hematuria. Renal ultrasound showed extensive MNC. Twenty-four-hour urine 
collection revealed normal mineral metabolic screen with low urinary excre-
tion of calcium, phosphorous, magnesium and uric acid yet high for oxalates. 
Hence, and based on the above-mentioned data, certain metabolic disorders 
were ruled out: 1) hyperparathyroidism, 2) excessive intake of vitamin D, 3) 
hypercalcemia, 4) hypercalciuria, 5) hyperuricemia, 6) hyperuricosuria, 7) 
hypocitraturia, 8) cystinuria, 9) lysinuria and 10) distal renal tubular acidosis 
were ruled out. Subsequently, urine testing showed high concentration of 
glycolate with low glycerate and 4-hydroxy-2-oxoglutarates establishing di-
agnosis of type 1 primary hyperoxaluria (PH I). Further confirmatory tests 
included: 1) kidney biopsy which showed typical crystals deposition, 2) liver 
biopsy that confirmed deficiency of the liver-specific peroxisomal enzyme 
alanine: glyoxylate aminotransferase (AGXT), and 3) full gene analysis that 
confirmed gene mutation. In conclusion, our case report provides practical 
algorithm for establishing diagnosis in MNC which is not renal-limited and 
its prognosis depends upon the underlying etiology. 
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1. Introduction 

Contrary to nephrolithiasis in which calcium salts are deposited in the renal tu-
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bules, nephrocalcinosis is defined as calcium deposition in tubular basement 
membrane and interstitium [1]. Nephrocalcinosis is further subclassified into 
Medullary Nephrocalcinosis (MNC) and cortical one according to the site of cal-
cium salts deposition. Cortical Nephrocalcinosis is associated with vascular dis-
eases of the cortex viz. necrosis/infarction/ischemia, sepsis, hemolytic uremic 
syndrome and vascular transplant rejection [2]. On the other hand, MNC is as-
sociated with: 1) hypercalcemic and/or hypercalciuric states viz hyperparathy-
roidism, hypervitaminosis D and hypercalcemic states of sarcoidosis and neop-
lasms, 2) metabolic tubular defect viz. distal renal tubular acidosis (d-RTA) 
with/without medullary sponge kidney and hyperoxaluria, 3) diseases of the ren-
al pyramids viz. papillary necrosis, sickle cell disease and renal tuberculosis, and 
4) furosemide abuse [3]. MNC is 20 times more common than cortical one due 
to the concentrating effects of the loops of Henle, and the biochemical milieu of 
the medulla [4]. Prognosis of MNC depends upon the underlying etiology and if 
untreated, it is a risk factor for end stage renal disease [5]. A practical algorithm 
for establishing its etiology is laid down in our case report. 

2. The Case 

A 12-year-old boy presented with frequent micturition and persistent nocturnal 
enuresis after the age of 4 years. He denied fever, shortness of breath, oedema, 
abdominal pain, skin rash and joint pains. He did not have past history of sig-
nificant medical illness, surgery, allergy or chronic intake of medications. There 
was no family history of renal disease in children or adults < 20 years. On his in-
itial physical examination, the patient was conscious, oriented X3 and without 
distress of shortness of breath or pain. Blood pressure was 110/70 mm Hg. He 
was afebrile. He did not have lymphadenopathy, goiter, jugular venous distension 
or oedema. Systemic examination did not show abnormality. Laboratory investi-
gations showed normal peripheral leucocytic and platelets counts. Hemoglobin 
was normal with normal MCV. ESR was 20 mm/h. Serum sugar, urea, creatinine, 
electrolytes and liver functions were normal. Serum cholesterol and TSH were 
normal. Urine routine and microscopy showed excess RBCs/HPF yet without 
proteinuria and pyuria. Serum complements (C3 & C4) and protein electropho-
resis were normal. ANA, anti-ds DNA, ANCA, RA, hepatitis B surface antigen 
and anti-HCV antibodies were negative. Chest X-ray and ECG were normal. 
Abdominal and pelvic ultrasound was normal except for medullary calcinosis in 
normal-sized kidneys without stones and hydronephrosis (Figure 1). Those kid-
ney abnormalities were further confirmed by CT scanning. Serum and urinary 
mineral as well as metabolic screen are summarized in Table 1. It showed normal 
parathyroid hormone at 7 pmol/L (N: 1.3 - 9.3) and normal 25-OH vitamin D at 
78 nmol/L (N: 75 - 125). Twenty-four-hour urine collection revealed normal 
mineral metabolic screen with low urinary excretion of calcium, phosphorous, 
magnesium and uric acid yet high for oxalates. Hence, and based on the 
above-mentioned data, certain metabolic disorders were ruled out: 1) hyperpara-
thyroidism, 2) excessive intake of vitamin D, 3) hypercalcemia, 4) hypercalciuria,  
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Table 1. Results of mineral metabolic screen for the patient with medullary nephrocalci-
nosis on normal diet. 

Test Results 
Reference 

range 
Assessment 

Serum data: *  
   

Sodium  140 135 - 150 N 

Potassium  4 3.6 - 5.1 N 

Chloride  106 94 - 115 N 

Corrected Calcium  2.3 2.2 - 2.5 N 

Phosphrous  1.1 0.97 - 1.68 N 

Magnesium  0.8 0.73 - 1 N 

Uric acid  370 208 - 428 N 

Arterial blood pH  7.4 7.35 - 7.45 N 

Bicarbonate  25 24 ± 4 N 

Intact Parathyroid hormone  7 1.3 - 9.3 N 

25-vitamin  78 75 - 125 N 

Anion gab  12 8 - 12 N 

24-hour urine data: **  
   

Volume: 
 

2.1 Litres 
  

 
Creatinine 10280 200 umol/kg 

Adequate 
24 h-urine 
collection 

 
Protein 41 <150 

 
Electrolytes: 

    

 
Sodium 82 40 - 220 N 

 
Potassium 28 25 - 125 N 

 
Chloride 115 110 - 250 N 

 
Calcium 2.1 2.5 - 7.5 Low 

 
Phosphrous 7.5 12 - 42 Low 

 
Magnesium 1.35 3 - 5 Low 

 
Uric acid 120 150 - 440 Low 

 
Citrate 3.2 

0.6 - 4.8 
for males 

N 

 
Oxalate 0.74 <0.50 mmol High 

 
Cystine 35 28 - 115 N 

 
Lysine 159 32 - 290 N 

*Range in serum is expressed in mmol/L except for urate in umol/L, protein in g/L, intact 
PTH in pmol/L and vitamin D in nmol/L. **Range in urine is expressed in mmol except 
for urate, cystine and lysine in umol and protein in mg. 
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5) hyperuricemia, 6) hyperuricosuria, 7) hypocitraturia, 8) cystinuria, 9) lysinu-
ria and 10) distal renal tubular acidosis were ruled out. CT scan with contrast 
excluded medullary sponge kidneys. Subsequently, urine testing showed high 
concentration of glycolate with low glycerate and 4-hydroxy-2-oxoglutarates es-
tablishing diagnosis of type 1 primary hyperoxaluria (PH I). Further confirma-
tory tests included: 1) kidney biopsy which showed typical crystals deposition 
(Figure 2), 2) liver biopsy that confirmed deficiency of the liver-specific perox-
isomal enzyme alanine:glyoxylate aminotransferase (AGXT), and 3) full gene 
analysis that confirmed gene mutation. The latter was done using Polymerase 
Chain Reaction (PCR) Followed by DNA Sequence Analysis and Gene Dosage 
Analysis by Multiplex Ligation-Dependent Probe Amplification (MLPA) [6]. 
Subsequently, the patient was placed on the list for combined liver and kidney 
transplantation. 
 

 
Figure 1. Longitudinal ultrasound view showing extensive medullary nephrocalcinosis. 

 

 
Figure 2. Photomicrograph of kidney biopsy showing extensive deposition of the bire-
fringent calcium oxalate crystals in the tubules and interstitium seen under polarized light 
microscopy (H and E, ×100). 
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3. Discussion 

Oliver Wrong’s sub-divided MNC into being either molecular, microscopic or 
macroscopic [3]. In clinical practice the term commonly refers to macroscopic 
nephrocalcinosis that can be detected radiologically as bilateral, symmetrical in-
creased echogenicity within the renal pyramids on ultrasound imaging [7]. Such 
disorder can manifest with renal colics if associated with nephrolithiasis yet 
most cases are asymptomatic and diagnosed on routine radiological testing. Ul-
trasonography is the ideal non-invasive imaging modality for both screening and 
assessment of disease progression/response to treatment. The latter can be relia-
bly graded (Grade I - III) according to the extent of increased echogenicity af-
fecting the medullary pyramids [8]. CT with/without contrast should be limited 
to suspected cases of medullary sponge kidney that can be associated with sec-
ondary forms of d-RTA and hence MNC [9]. The exact pathogenesis of MNC 
can be established by assessment of mineral metabolic screen as shown in Table 
1. The latter should include: 1) adequate urine collection that is confirmed by 
proper urine creatinine (150 umol/kg for females and 200 for males), 2) serum 
estimates of electrolytes, pH, and levels of both parathyroid hormone and vita-
min D, and 3) urine estimates of electrolytes, citrates, oxalates, lysine and cys-
tine. Hypercalcemic etiologies include: hypervitaminosis D, hyperparathyroid-
ism, immobilization syndromes, chronic granulomatous diseases (sarcoidosis) 
and infections (tuberculosis) and malignancy [10]. Isolated hypercalciuric states 
are common risk factor for childhood nephrolithiasis and MNC [11]. The list 
of etiologies include: genetic disorders viz. autosomal dominant hypocalcemic 
hypercalciuria (ADHH), which is caused by mutations in the calcium-sensing re-
ceptor (CaSR) gene, and genes connected to that receptor pathway (Gα11) [12]. 
Other genetic diseases resulting in hypercalciuria are familial hypomagnesemia 
hypercalciuria and Dent Disease. The latter is a rare genetic disorder affecting 
males since x-chromosomal recessive) and is accompanied by low molecular 
weight proteinuria and severe hypercalciuria [13]. Secondary hypercalciuria can 
result from medication (e.g., Furosemide-abuse and vitamin D-intoxication) as 
well as parenteral nutrition with high daily-intake of protein, sodium, phospho-
rus, and ascorbic acids that leads to significant increase in urinary calcium and 
oxalate excretion with low urinary citrates [14]. In our patient, hypercalcemic 
and hypercalciuric states were excluded by the mineral metabolic screen. More-
over, anatomical defects and medullary sponge kidney were excluded with CT 
scan. The only significant urinary abnormality in his mineral metabolic screen 
was hyperoxaluria. He did not have secondary causes for such phenomenon viz. 
increased intestinal oxalate uptake, due to malabsorptive states such as short 
bowel disease or chronic inflammatory bowel disease, by increased dietary oxa-
late intake, or lack of intestinal oxalate degrading bacteria [15]. Moreover, sec-
ondary hyperoxaluria is not associated with urine glycolate. The association of 
hyperoxaluria with glycolateuria is diagnostic for type 1 primary hyperoxaluria. 
In such patients, kidney biopsy confirms the diagnosis and establishes severity of 
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the tissue-deposition in a disease with variable phenotypic presentation. On the 
other hand, histochemical study of liver biopsy and gene analysis confirm the 
diagnosis. There are three types of genetic hyperoxaluric syndromes: 1) type I 
(PH I), which is secondary to mutation in the alanine/glyoxylate aminotransferase 
(AGT) and is characterized by increase urinary excretion of oxalate, glycolate, 2) 
type II (PH II) which is secondary to mutation in the glyoxylate/hydroxypyruvate 
reductase (GRHPR) and is characterized by elevated oxalate and l-glyceric acid 
urinary excretion and type III (PH III), and 3) type III (PH III) which is second-
ary to mutation in the 4-hydroxy-2-oxoglutarate aldolase (HOGA 1) and is cha-
racterized by raised urinary excretion of oxalate and hydroxy-oxo-glutarate 
and/or hydroxy-oxo-glutamate [16]. PH1 is an autosomal recessive inborn error 
of glyoxylate metabolism caused by caused by mutations in a gene called AGXT. 
Such defect leads to deficiency of the liver-specific peroxisomal enzyme ala-
nine:glyoxylate aminotransferase (AGT) which converts glyoxylate to the amino 
acid glycine [17]. Such high-burden of oxalate-synthesis is beyond the capacity 
of kidney filtration which ultimately leads to diffuse renal deposition, damage 
and loss. Moreover, in severe cases, extra-renal deposition, including the myo-
cardium, has been documented and was associated with high-mortality [18]. As 
stated above, establishing its severity of the PH I is essential in its management 
since it manifest with variable phenotypic presentation of severity that ranges 
from early-age of onset and extent of tissue deposition. At present, in severe cas-
es, liver transplantation as a form of enzyme replacement therapy is the only de-
finitive therapy and has been used successfully over the last 10 years [19].  

4. Conclusion 

The etiology of MNC can be established by mineral metabolic screen that can be 
confirmed with histochemical and genetic studies with kidney biopsy for dis-
ease-severity. 
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Conflicts of Interest 

The authors declare that they have no potential conflicts of interest related to the 
contents of this article. 

References 
[1] Sayer, J.A., Carr, G. and Simmons, N.L. (2004) Nephrocalcinosis: Molecular In-

sights into Calcium Precipitation within the Kidney. Clinical Science (Lond), 106, 
549-561. https://doi.org/10.1042/CS20040048  

[2] Schepens, D., Verswijvel, G., Kuypers, D., et al. (2000) Images in Nephrology. Renal 
Cortical Nephrocalcinosis. Nephrology Dialysis and Transplantation, 15, 1080-1082.  
https://doi.org/10.1093/ndt/15.7.1080  

https://doi.org/10.4236/ojneph.2022.122021
https://doi.org/10.1042/CS20040048
https://doi.org/10.1093/ndt/15.7.1080


K. El-Reshaid, S. Al-Bader 
 

 

DOI: 10.4236/ojneph.2022.122021 220 Open Journal of Nephrology 
 

[3] Oliveira, B., Kleta, R., Bockenhauer, D. and Walsh, S.B. (2016) Genetic, Pathophysi-
ological, and Clinical Aspects of Nephrocalcinosis. American Journal of Physiology, 
311, F1243-F1252. https://doi.org/10.1152/ajprenal.00211.2016  

[4] Shavit, L., Jaeger, P. and Unwin, R.J. (2019) What Is Nephrocalcinosis? Kidney In-
ternational, 88, 35-43. https://doi.org/10.1038/ki.2015.76  

[5] Tang, X., Bergstralh, E.J., Mehta, R.A., Vrtiska, T.J., Milliner, D.S. and Lieske, J.C. 
(2015) Nephrocalcinosis Is a Risk Factor for Kidney Failure in Primary Hyperoxa-
luria. Kidney International, 87, 623-631. https://doi.org/10.1038/ki.2014.298  

[6] Stuppia, L., Antonucci, I., Palka, G. and Gatta, V. (2012) Use of the MLPA Assay in 
the Molecular Diagnosis of Gene Copy Number Alterations in Human Genetic 
Diseases. International Journal of Molecular Sciences, 13, 3245-3276.  
https://doi.org/10.3390/ijms13033245  

[7] Glazer, G.M., Callen, P.W. and Filly, R.A. (1982) Medullary Nephrocalcinosis: So-
nographic Evaluation. American Journal of Roentgenology, 138, 55-57.  
https://doi.org/10.2214/ajr.138.1.55  

[8] Dick, P.T., Shuckett, B.M., Tang, B., Daneman, A. and Kooh, S.W. (1999) Observer 
Reliability in Grading Nephrocalcinosis on Ultrasound Examinations in Children. 
Pediatric Radiology, 29, 68-72. https://doi.org/10.1007/s002470050539  

[9] Laing, C.M., Toye, A.M., Capasso, G. and Unwin, R.J. (2005) Renal Tubular Acido-
sis: Developments in Our Understanding of the Molecular Basis. International 
Journal of Biochemistry and Cell Biology, 37, 1151-1161.  
https://doi.org/10.1016/j.biocel.2005.01.002  

[10] Thakker, R.V. (2020) The Parathyroid Glands, Hypercalcemia, and Hypocalcemia. 
In: Goldman, L. and Schafer, A.I., Eds., Goldman-Cecil Medicine, 26th Edition, El-
sevier, Philadelphia, Chap 232. 

[11] Habbig, S., Beck, B.B. and Hoppe, B. (2011) Nephrocalcinosis and Urolithiasis in 
Children. Kidney International, 80, 1278-1291. https://doi.org/10.1038/ki.2011.336  

[12] Roszko, K.L., Bi, R.D. and Mannstadt, M. (2016) Autosomal Dominant Hypocalce-
mia (Hypoparathyroidism) Types 1 and 2. Frontiers Physiology, 7, 458.   
https://doi.org/10.3389/fphys.2016.00458  

[13] Ludwig, M., Levtchenko, E. and Bökenkamp, A. (2014) Clinical Utility Gene Card 
for: Dent Disease (Dent-1 and Dent-2). European Journal of Human Genetics, 22, 
1338. https://doi.org/10.1038/ejhg.2014.33  

[14] Hoppe, B., Hesse, A., Neuhaus, T., Fanconi, S., Forster, I., Blau, N., et al. (1993) 
Urinary Saturation and Nephrocalcinosis in Preterm Infants: Effect of Parenteral 
Nutrition. Archives of Diseases in Childhood, 69, 299-303.  
https://doi.org/10.1136/adc.69.3_Spec_No.299  

[15] Williams, H.E. and Wandzilak, T.R. (1989) Oxalate Synthesis, Transport and the 
Hyperoxaluric Syndromes. Journal of Urology, 141, 742-749.  
https://doi.org/10.1016/S0022-5347(17)40999-2  

[16] Leumann, E. and Hoppe, B. (2001) The Primary Hyperoxalurias. Journal of Ameri-
can Society of Nephrology, 12, 1986-1993. https://doi.org/10.1681/ASN.V1291986  

[17] Williams, E.L., Acquaviva, C., Amoroso, A., Chevalier, F., Coulter-Mackie, M., et al. 
(2009) Primary Hyperoxaluria Type 1: Update and Additional Mutation Analysis of 
the AGXT Gene. Human Mutations, 30, 910-917.  
https://doi.org/10.1002/humu.21021  

[18] Di Toro, A., Urtis, M., Giuliani, L., et al. (2021) Oxalic Cardiomyopathy: Could It 
Influence Treatment Plans in Patients with Primary Hyperoxaluria Type 1? Journal 

https://doi.org/10.4236/ojneph.2022.122021
https://doi.org/10.1152/ajprenal.00211.2016
https://doi.org/10.1038/ki.2015.76
https://doi.org/10.1038/ki.2014.298
https://doi.org/10.3390/ijms13033245
https://doi.org/10.2214/ajr.138.1.55
https://doi.org/10.1007/s002470050539
https://doi.org/10.1016/j.biocel.2005.01.002
https://doi.org/10.1038/ki.2011.336
https://doi.org/10.3389/fphys.2016.00458
https://doi.org/10.1038/ejhg.2014.33
https://doi.org/10.1136/adc.69.3_Spec_No.299
https://doi.org/10.1016/S0022-5347(17)40999-2
https://doi.org/10.1681/ASN.V1291986
https://doi.org/10.1002/humu.21021


K. El-Reshaid, S. Al-Bader 
 

 

DOI: 10.4236/ojneph.2022.122021 221 Open Journal of Nephrology 
 

of American College of Cardiology, 78, 998-999.  
https://doi.org/10.1016/j.jacc.2021.06.039  

[19] Devresse, A., Cochat, P., Godefroid, N. and Kanaan, N. (2020) Transplantation for 
Primary Hyperoxaluria Type 1: Designing New Strategies in the Era of Promising 
Therapeutic Perspectives. Kidney International Reports, 5, 2136-2145.  
https://doi.org/10.1016/j.ekir.2020.09.022  

 
 

https://doi.org/10.4236/ojneph.2022.122021
https://doi.org/10.1016/j.jacc.2021.06.039
https://doi.org/10.1016/j.ekir.2020.09.022

	A Problem-Solving in a Case of Medullary Nephrocalcinosis
	Abstract
	Keywords
	1. Introduction
	2. The Case
	3. Discussion
	4. Conclusion
	Informed Consent
	Conflicts of Interest
	References

