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Renal rickets-practical approach
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Rickets/osteomalacia is an important problem in a tropical country. Many cases are due to poor vitamin D intake or calcium deficient
diets and can be corrected by administration of calcium and vitamin D. However, some cases are refractory to vitamin D therapy and
are related to renal defects. These include rickets of renal tubular acidosis (RTA), hypophosphatemic rickets, and vitamin D dependent
rickets (VDDR). The latter is due to impaired action of 1o-hydroxylase in renal tubule. These varieties need proper diagnosis and

specific treatment.
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INTRODUCTION

Normal calcium and phosphate are needed for bone
mineralization. Deficient mineralization leads to rickets
and/or osteomalacia. Rickets is characterized by deficient
mineralization at the growth plate. Osteomalacia is
characterized by impaired mineralization of bone matrix.
Rickets and osteomalacia usually occur together as long
as the growth plates are open as in the growing period;

only osteomalacia occurs after the growth plates have
fused.!"

Rickets can be classified broadly as calcipenic or
phosphopenic. Calcipenic rickets is often associated with
low serum calcium levels, while phosphopenic rickets
is characterized by low serum levels of phosphorus.
Calcipenic rickets is caused by calcium deficiency, which
usually is due to insufficient intake or metabolism of
vitamin D, or in some cases due to inadequate intake or
absorption of calcium.”*! Phosphopenic rickets usually is
caused by renal phosphate wasting.!
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CuiNicAL FEATURES

Rickets initially manifest at the distal forearm, knee, and

costochondral junctions as these are the sites of rapid

bone growth and mineralization.”) The important clinical
features include:

*  Delayed closure of the fontanelles

 Parietal and frontal bossing with caput quadratum

* Craniotabes (soft skull bones)

* Enlargement of the costochondral junction along the
anterolateral aspects of chest (“rachitic rosary”)

e Harrison sulcus groove at lower margin of thorax
caused by muscular pull of diaphragmatic attachments
to lower ribs

e Sternum may be pulled into a pigeon-breast deformity

*  Widening of wrist

*  Bowing of distal radius and ulna (coxa vera)

e Lateral bowing of femur and tibia (genu valgum and
varum)

*  Double malleoli (Marfan’ sign)

e Lower extremities tend to be predominantly affected
in heritable forms of phosphopenic rickets.

*  Kyphoscoliosis

e Pot belly and visceroptosis.

The type of deformity and the limb involved depends upon
the age of child and weight-bearing in the limbs. Thus,
deformities of the forearms and posterior bowing of the
distal tibia are more common in infants, whereas marked
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bowing of the legs (genu varum) is a characteristic finding
in a child who has started to walk. In the older child, valgus
deformities of the legs or a windswept deformity (valgus
deformity of one leg and varus deformity of the other)
may be seen. Hypoplasia of the dental enamel is a typical
finding of calcipenic rickets, whereas dental abscesses occur
more often in phosphopenic rickets. Calcipenic rickets
is characterized by decreased muscle tone and delayed
motor milestones. Hypocalcemic seizures may occur in the
1% year of life. Children with calcipenic rickets are prone to
recurrent infections and may manifest with hyperhidrosis
due to bone pain.!

RADIOGRAPHIC FINDINGS

The changes of rickets are seen best at growth plate of
rapidly growing bones. Thus, in the upper limbs, the early
signs of impaired mineralization are seen in the ulna. In
the lower limbs metaphyses above and below the knees
are the most useful sites. The best single radiographic view
for infants and children younger than 3 years is an anterior
view of the knee. There is widening of the epiphyseal plate
and loss zone of provisional calcification at the epiphyseal/
metaphyseal junction. Later, there is cupping, splaying,
formation of cortical spurs, and stippling. The appearance
of the epiphyseal bone centers is delayed, or they may be
small. The diaphysis is osteopenic and the cortex becomes
thin. The trabecular pattern is reduced and becomes coatse.
Deformities of the shafts of the long bones are present.
Pathological fractures and Looser’s zones (also known
as Milkman pseudofractures) may be noted. Looser’s
zones are radiolucent pseudofractures 2-5 mm wide and
have sclerotic borders. They are seen characteristically in
osteomalacia. They are usually bilateral and symmetric,
and are perpendicular to the cortical margins of bones.
Common sites for pseudofractures include femoral neck,
medial part of femoral shaft, immediately under lesser
trochanter, on pubic, and ischial rami. They may also be
seen in ulna, scapula, clavicle, rib, and metatarsal bones.
Pseudofractures also can be seen as hot spots on bone scans.

Evaluation

The evaluation of a child with clinical signs of rickets should
include a dietary history with particular attention given to
calcium and vitamin D intake along with a medication
history and a history of sun exposure. Radiographic
evaluation of a child with rickets should include, at least,
plain films of wrist and hand or knees. The causes of
rickets include conditions that lead to hypocalcemia
and/or hypophosphatemia as a result of decreased intake;
malabsorption; and/or increased excretion of calcium,
phosphate, or vitamin D. To determine the optimal
treatment, the common nutritional causes of rickets must

be distinguished from those caused by a gastrointestinal
or renal disease.

Laboratory investigations [Figure 1]

Alkaline phosphatase is an excellent marker of disease
activity. In X-linked hypophosphatemic rickets (XLH),
the serum alkaline phosphatase activity is moderately
elevated (400-800 international units per liter (IU/L))
whereas in calcipenic rickets, values often reach greater
levels (>1,500IU/L).

The serum calcium is usually decreased in calcipenic rickets
(nutritional, vitamin D dependent rickets (VDDR) or renal
tubular acidosis (RTA) and renal failure rickets; discussed
below), while it is normal in phosphopenic rickets.

Serum phosphorus concentrations usually are low in both
calcipenic and phosphopenic rickets. The total reabsorption
of phosphorus (TRP) and the maximal tubular reabsorption
of phosphorus per glomerular filtration rate (TmP/GFR)
usually are decreased in both calcipenic and phosphopenic
rickets, but decrease is severe in renal phosphate wasting
type of rickets. These values are quite elevated in the setting
of nutritional phosphate deprivation. In rickets due to renal
failure there is high serum phosphorus.

Serum creatinine: Elevated in renal failure rickets.

Arterial blood gas (ABG): In rickets due to RTA there
is normal anion gap (hyperchloremic metabolic acidosis.
In renal failure rickets there is high anion gap metabolic
acidosis. In all other varieties the ABG is normal.

Urine pH is >5.5 in distal RTA (DRTA) while it is <5.5 in
proximal RTA (PRTA). Acid load test are the other tests
done in RTA (discussed below).

from
hyperparathyroidism. However, aminoaciduria does not
occur in XLH.

aminoaciduria occuts

A generalized

Glycosuria and bicarbonaturia is seen in Fanconi’s
syndrome.

The serum concentration of parathyroid hormone (PTH)
typically is quite elevated in calcipenic rickets. In contrast,
PTH concentrations are usually normal or modestly elevated
in phosphopenic rickets. Elevated PTH levels may also be
seen in X-linked hypophosphatemia (XI.LH). Therefore, if
calcipenic rickets is diagnosed, it is mandatory to observe
appropriate healing during therapy, and if predicted
response does not occur, XLLH should be considered.
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Figure 1: Approach to rickets

Serum concentrations of 25-hydroxyvitamin D (250HD)
and 1,25-dihydroxyvitamin D (1,25(OH) ,D)-25 OHD
reflects body’s vitamin D stores, and consequently, is low
in nutritional rickets due to vitamin D deficiency; but it
may be normal if there is associated calcium deficiency.
In extremely severe liver disease or in intestinal disorders
such as celiac disease, vitamin D levels may be low due
to defective absorption or metabolism. Anticonvulsants
may interfere with vitamin D metabolism leading to low
levels. In type I VDDR 250HD levels are high while
1,25(OH) ,D levels are low while in type II VDDR,
250HD levels are normal and 1,25(OH) D levels are
high. In some forms of phosphopenic rickets (XLH,
tumor-induced osteomalacia (T10)), serum concentrations
of 1,25(OH) , D may be low or inappropriately
normal (despite hypophosphatemia). In other forms of
phosphopenic rickets (hereditary hypophosphatemic rickets

High S cr
Acidosis No acidosis
RTA Vitamin D dependent Hypophosphatemic

- Type 1 _ Type | - XLH

- Type 2 _ Type M - ADHR
- ARHR
- Hypercalciuria
- Tumor induced

with hypercalcuria (HHRH)), the serum concentration of
1,25(0OH) ,D may be elevated [Table 1].

TYPES OF RICKETS

Nonrenal rickets

Nutritional rickets

It occurs due to deficient intake or impaired absorption
of calcium, phosphorus, or vitamin D. Mother’s milk
is poor in vitamin D. Sunlight exposure also influences
vitamin D stores. Treatment for rickets may be administered
gradually over several months or in a single day dose
of 15,000 pug (600,000 U) of vitamin D. In gradual
method, 125-250 pg (5,000-10,000 U) is given daily for
2-3 months until healing is well established and the alkaline
phosphatase concentration becomes normal. Compliance
to the daily regime is essential. If the vitamin D dose is
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Table 1: Laboratory diagnosis: Etiology of rickets

Calcium Phosphorus Alkaline Parathyroid Vitamin D Urine Bicarbonate
phosphatase hormone phosphorus
Nutritional Low Low High High Low Low Normal
RTA Low Low High High Low High Low urine pH, <5.3
RTA Il and >5.3 type |

VDDRI Low Low High High High 250HD low 1,25 OHD Low Normal

VDDR I Low Low High High High 25 and 1,25 both Normal
Hypophosphatemic N Low High N N 250HD Low 1,250HD High Normal

Renal failure Low High High High Low 250HD and 1,250HD Low

RTA: Renal tubular acidosis, VDDR: Vitamin D: Dependent rickets, OHD: Hydroxyvitamin D

administered in a single day, it is usually divided into four or
six oral doses. An intramuscular injection is also available.
Vitamin D (cholecalciferol) is well stored in the body
and is gradually released over many weeks. Because both
calcitriol and calcidiol have short half-lives, these agents
are unsuitable for treatment. In addition they bypass the
natural physiologic controls of vitamin D synthesis and
may cause toxicity. The single day therapy avoids problems
with compliance and may be helpful in differentiating
nutritional rickets from nonnutritional rickets. In nutritional
rickets, the phosphorus level rises in 96 h and radiographic
healing is visible in 6-7 days. Neither happens with renal
rickets. If severe deformities have occurred, orthopedic
correction may be required after healing. Most of the
deformities correct with growth.l*”!

Malabsorption
Malabsorption syndromes may be associated with rickets.

Liver disease may be associated with inadequate conversion
of vitamin Dj; 25 hydroxyvitamin D.

Anticonvulsants interfere with metabolism of vitamin D
and cause calcipenic rickets or osteomalacia.

Renal Rickets

Renal tubular acidosis

Acid base balance of the body is maintained by lungs
and kidneys. The lungs remove carbondioxide. Acid base
balance by kidneys occurs by two processes:

* Bicarbonate reabsorption and

* Acid excretion.

Most of the bicarbonate that is filtered by the glomerulus
is predominantly resorbed as a result of Na-H exchange
by the proximal tubules. Approximately, 85-90% of the
filtered load is reclaimed at this site. By comparison, 10%
is reclaimed in the distal nephron, primarily via hydrogen
secretion by (H-adenosine triphosphatase (ATPase)
proton pump. Under normal conditions, there is no
bicarbonate in urine. In addition the proximal tubule
contributes to bicarbonate regeneration during
ammoniagenesis (described below).

Hydrogen ion excretion is carried out by collecting
tubules. The body produces an average daily acid load of
1 mEq/kg. This acid combines with buffers in the tubular
lumen. Buffers enable the urine pH to be maintained
above 4. Ammonia (measured as ammonium) and
phosphate (titratable acidity) are the two main buffers in
the urine. Ammonia is generated in the proximal tubule
cells from glutamic acid. Two molecules of bicarbonate
are generated in the process. NH, diffuses freely across the
tubular membranes and combines with H" in the tubular
lumen and forms ammonium. NH, * cannot diffuse across
membranes and thus leads to trapping of NH, in the
lumen. Daily approximately 40 mEq of NH, is excreted in
urine. NH, generation is stimulated by intracellular acidosis
and hypokalemia. Defects in the ability to secrete either
ammonium or hydrogen ions can cause metabolic acidosis.

RTA occurs due to tubular defect leading to systemic
acidosis with preserved GFR. Proximal (type 2) RTA is
due to decreased ability of the proximal tubule to reclaim
filtered bicarbonate with consequent increase in delivery of
bicarbonate to the distal nephron with bicarbonaturia, fall
in serum bicarbonate, and metabolic acidosis. DRTA results
from impaired hydrogen ion secretion, while defective
ammoniagenesis is the primary defect in renal failure.

All types of RTA present with a normal anion gap
(hyperchloremic) metabolic acidosis. The degtree of acidosis
varies with the type of RTA: In distal (type 1) RTA, there
is hydrogen ion retention and fall of plasma bicarbonate
to even less than 10 mEq/L. The urine pH is 5.5 or higher,
while patients with metabolic acidosis not due to RTA
have a urine pH that is 5.3 or less. In proximal (type 2)
RTA, whenever the plasma bicarbonate is above threshold,
that is, 15 mEq/I there is bicarbonate wasting. The distal
segments can absorb up to 15% bicarbonate, hence some
bicarbonate which is not absorbed in the proximal tubule in
PRTA is absorbed by the distal tubule; however, if plasma
bicarbonate is above threshold, that is, 15 mEq/1 there is
bicabonaturia. Plasma bicarbonate concentration is usually
between 15 + 3 meq/L in untreated patients. The utine pH
is appropriately low (5.3 or less) in untreated patients.!"”
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Promimal (Type 2) RTA

Proximal (type 2) RTA occurs as an isolated defect or along
with generalized dysfunction of proximal tubule (Fanconi
syndrome). Itis characterized by bicarbonaturia, glucosuria,
phosphaturia, uricosuria aminoaciduria, and tubular
proteinuria. Hypophosphatemia and hypouricemia are
seen. The most common cause of PRTA with or without
Fanconi syndrome in adults is monoclonal gammopathy.
In children, inherited diseases are most often responsible
for PRTA. Isolated RTA is rare in children and Fanconi’s
is the commonest presentation.'!

If the acidosis is severe (serum bicarbonate < 15 mEq/]),
urine pH is < 5.3 in PRTA. Urine infection with urea
splitting organisms causes a falsely elevated urine pH, hence
urine infection must always be excluded before interpreting
urine pH. If the plasma bicarbonate is >15 mEq/1, then acid
load test is done before interpreting urine pH. Acid load
test consists of administration of 0.1 g/kg of ammonium
chloride after a baseline blood gas analysis and testing the
urine pH every hour for 5 h or till the urine pH falls below
5.3 (if pH stays above 5.3, it indicates presence of DRTA).
An arterial blood gas is performed at 2 h after acid load to
confirm that serum bicarbonate is <15. In patients with
liver disease, arginine hydrochloride can be used. Other test
is furosemide test with measurement of H and K excretion
after 1 mg/kg of furosemide.

The diagnosis of PRTA can also be confirmed by
measurement of the urine pH and fractional bicarbonate
excretion during a bicarbonate infusion. The urine pH is
above 7.5 and fractional excretion of bicarbonate is >15%
when the serum bicarbonate concentration is raised to
normal. Patients with PRTA should be evaluated for
renal glycosuria, hypophosphatemia, and hypouricemia
to rule out Fanconi’s syndrome. Most children require
10-15 mEq/kg of bicarbonate per day to maintain a
normal pH. Treatment of mild acidosis is not necessary
in adults. Many bicarbonate preparations are available:
Shohl’s solution (citric acid and sodium citrate) 1 ml
contains 1 mEq/1 of bicarbonate, Bicitra-K, and Polycitra.
Potassium citrate solution contains 2 mEq/l each of
bicarbonate and potassium. Bicarbonate tablets 325 mg
contains 4 mEq of bicarbonate. Bicarbonate powder
can also be used (15 mEq/g). Other additional therapies
include magnesium, carnitine, and thiazide diuretics to
reduce polyuria and vitamin D supplements. Some cases
of Fanconi’s need phosphorus supplementation.

Distal (Type 1) RTA

Distal (type 1) RTA is characterized by an impaired capacity
for hydrogen ion excretion. Hence, there is a decrease
in ammonium secretion in the collecting tubules. There

is a high urine pH (5.3 or higher) even during systemic
acidosis with plasma bicarbonate <15 mEq/l. DRTA
results from one of several defects in distal hydrogen ion
secretion. Decreased proton pump (H-ATPase) activity
causes: () Increased luminal membrane permeability
with backleak of hydrogen ions, (ii) voltage defect, and
(iii) rate defect. Voltage defect is often associated with
hyperkalemia. The most common causes of DRTA in
adults are autoimmune disorders and other conditions
associated with chronic hyperglobulinemia. In children,
DRTA is most often a primary, hereditary condition.

Patients with DRTA have anormal anion gap (hyperchloremic)
metabolic acidosis and an inappropriately high urine pH
(5.3 or higher). Hypercalciuria occurs due to bone resorption
as a result of chronic acidosis and decreased renal tubular
reabsorption of calcium. Hypercalciuria and hypocitraturia
may cause nephrolithiasis and nephrocalcinosis, which is
generally not seen in PRTA.I' Hypokalemia, sometimes
severe, is often seen in DRTA and may produce muscle
weakness. Some patients may present with quadriparesis.
Potassium wasting occurs due to defect in H*-K+ ATPase
pump in the distal tubule.!"’)

Correction of acidosis with alkali therapy (usually potassium
citrate) generally improves both calcium and potassium
balance, and prevents stones and nephrocalcinosis. In
contrast to the high alkali requirement in PRTA, the daily
bicarbonate requirement is only 1-2 mEq/kg per day to
replace the daily acid load.

Hypophosphatemic rickets

Most of these cases are caused by renal phosphate
wasting. This disorder initially called vitamin D resistant
rickets, is now called hereditary hypophosphatemic rickets
because the primary problem is phosphate wasting rather
than true vitamin D resistance. Hereditary forms of
hypophosphatemic rickets include X-linked, autosomal
dominant, and autosomal recessive disease, as well as
hypophosphatemic rickets with hypercalciuria. The
X-linked form is most common; the other forms are
rare. An acquired disorder, tumor-induced (or oncogenic)
osteomalacia, has similar clinical manifestations to the
familial syndromes. In addition to hypophosphatemia,
these disorders all have normal serum levels of calcium and
PTH. Most of these disorders also have high circulating
levels of fibroblast growth factor 23 (FGIF23), a circulating
hormone that causes renal phosphate wasting and is a
common final pathway.

X-linked hypophosphatemic rickets
Itis a dominant disorder with a prevalence of approximately
one case per 20,000 live births. The renal tubular abnormality
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in XLH, is caused by one or more circulating factors."!

These circulating factors promote phosphate excretion and
impair bone mineralization and are called “phosphatonins”.
The gene for XILH is located on chromosome Xp22.1 and
is named PHEX (Phosphate regulating Endopeptidase
on the X chromosome). PHEX is expressed mainly in
bone and teeth.l"” The principal phosphatonin involved
in the pathogenesis of XLH is FGF23. Mutations in
PHEX (in bone tissue) indirectly affect the degradation and
generation of FGI23, causing increased circulating levels of
phosphatonin. FGF23 acts as a counter-regulatory hormone
to inhibit phosphate reabsorption by sodium/phosphate
cotransporter in the kidney, acting through FGF receptors
with cofactor klotho.!'"*' Elevated levels of FGF23 are also
seen in other forms of hereditary hypophosphatemic rickets,
as well as TIO, although the mechanisms vary. FGF23
causes renal phosphate-wasting, and the hypophosphatemia
contributes to rickets. However, FGF23 does not mediate all
of the clinical features of XLLH. Enthesopathy and dental
abnormalities are mediated by mechanisms other than
FGF23. XLH is characterized by inappropriately low level
of calcitriol (1,25-(OH) 2 vitamin D3)."8

Most common clinical features include poor growth,
rickets, or osteomalacia. An outstanding feature of familial
hypophosphatemic rickets is short stature. The short stature
associated with this condition is disproportionate, resulting
from deformity and growth retardation of the lower
extremities. Low serum phosphorus is seen soon after birth.
At the time of weight bearing leg deformities (e.g., bowing)
are seen. Lower limb involvement is more common.
Many adults have enthesopathy (calcification of tendons,
ligaments, and joint capsules). Younger siblings of affected
patients should be screened to diagnose the disorder
before these complications develop. Screening can be
accomplished by measuring fasting serum phosphorus,
and if necessary, renal phosphorus excretion. Dental
abscesses and eatly tooth decay occurs in children due to
defective dentin. Hypertension, left ventricular hypertrophy,
and craniosynostosis are some other features seen.
Hyperparathyroidism may develop due to oral phosphate
supplementation. Muscle weakness is rare. Tetany is absent.
The severity of XLH varies even among family members.
There is no gender difference in disease severity.

Patients with XILH have hypophosphatemia, decreased
tubular reabsorption threshold for phosphorus, normal
serum levels of calcium, normal-to-high PTH levels,
increased (or normal) alkaline phosphatase activity, normal
plasma calcidiol concentration, and normal or slightly
reduced plasma calcitriol concentration.'® Calcitriol
synthesis is abnormal in XILH because calcitriol is expected
to be elevated in the presence of hypophosphatemia. The

defectis in translation of the 25(OH) D-1alpha-hydroxylase
messenger ribonucleic acid (mRNA). Determination of
the PHEX mutation can confirm the diagnosis. Eatly
diagnosis in newborns may be facilitated by knowing which
mutation runs in the family, but it is not clear whether this
information improves clinical care.

Therapy for XLH in children consists of the oral
administration of phosphate and calcitriol. Phosphate
increases the plasma phosphate concentration, which
lowers the plasma ionized calcium, and decreases the plasma
calcitriol concentration (by correcting hypophosphatemia).
Hypocalcemia and low calcitriol causes secondary
hyperparathyroidism which aggravates the bone disease and
increase urinary phosphate excretion. Calcitriol should be
given along with oral phosphorus. Calcitriol is administered
in two doses per day (10-20 ng/kg per dose). Phosphorus is
administered in four to five doses per day; the starting dose
is 40 mg of elemental phosphorus/kg per day. The daily
phosphorus dose should be increased in steps of 250 mg
up to a maximum of 3500 mg/day till normal growth is
achieved. Various forms of phosphate tablets are available
in western countries (e.g. sodium and potassium phosphate
tablets) which contain 250 mg elemental phosphorus per
tablet. Children can be given phosphorus supplementation
in the form of Joulie’s solution (155 g of dibasic anhydrous
sodium phosphate and 64 g of phosphoric acid 85% per
liter solution, corresponding to 50 mg/mL of elemental
phosphorus. Oral phosphorus causes diarrhea. If diarrhea
occurs, the dose of phosphorus should be decreased
then gradually reincreased. The goals of therapy include
acceptable height velocity and improvement in skeletal
deformities and not normalization of phosphorus.
Therapy is continued as long as the growth plates are
open. Addition of a calcimimetic (cinacalcet) to the regimen
may prevent secondary hyperparathyroidism."” However,
long-term studies in children with XLLH are necessary
before calcimimetics can be generally recommended.
Newer therapeutic strategies include neutralizing antibody
to FGF23.)

Most of the adults are asymptomatic and may not benefit
from therapy. Some may have calcifications of tendons and
ligaments. Unnecessary treatment may cause complications.
Hence, treatment is only indicated in symptomatic patients
for bone pain or non-uniting fractures or those who are
to undergo orthopedic surgery in next 3-6 months as this
helps in recovery. Calcitriol is administered in two doses
pet day (10-20 ng/kg per dose). Phosphate is administered
in a dose of 1-4 g/day in three to four divided doses.
Adults should be monitored at least annually for serum
phosphorus, calcium, creatinine, and PTH. Treatment
can be discontinued once symptoms subside. Pregnancy is
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another indication where treatment should be considered
to maintain serum phosphorus concentrations.

Nephrocalcinosis and hyperparathyroidism are important
complications. Nephrocalcinosis can be demonstrated in
up to 80% of patients with XILH. The renal calcifications
are located in the tubules and are composed of calcium
phosphate. Nephrocalcinosis correlates with the phosphate
dose, but not with the dose of calcitriol or the duration of
therapy. Nephrocalcinosis may result in renal insufficiency.
Nonhypercalcemic analogues of calcitriol, such as
22-oxacalcitriol, may prevent nephrocalcinosis.

Calcium with phosphate complexes result in intermittent
hypocalcemia and persistent stimulation of PTH release
despite the administration of calcitriol. In some cases
autonomous (tertiary) hyperparathyroidism occurs, and
parathyroidectomy may be required. Other adjuvants
to therapy include recombinant growth hormone in
children to improve stature. Hydrochlorothiazide or
amiloride decreases urinary calcium excretion and prevents
nephrocalcinosis.” Addition of 24,25-dihydroxyvitamin D
may improve hyperparathyroidism.*!

Autosomal dominant hypophosphatemic rickets

Results from activating mutations in the FGF23 gene
on chromosome 12p13. The mutant protein is resistant
to proteases, thus serum FGF23 is increased and this
causes phosphatutia.® The clinical features are similar
to X-linked disease. Patients with early onset disease have
phosphate wasting, rickets, and lower extremity deformities
in childhood; but may lose the phosphate-wasting defect
after puberty. Those who present after growth; plate
closure have bone pain and fractures, but no deformities.
Many females present after pregnancy. Pseudofractures are
common. Vitamin D is inappropriately normal. Treatment
is similar to that of X-linked hypophosphatemic rickets.

Autosomal recessive hypophosphatemic rickets
Patients exhibit isolated renal phosphate wasting. The
disorder is caused by inactivating mutations in the DMP1
gene, which encodes dentin matrix protein-1. DMP
suppresses FGF23 production from bone.!

Hypophosphatemic rickets with hypercalciuria

HHRH is inherited in an autosomal recessive manner
and is associated with high levels of vitamin D. HHRH
is caused by genetic mutations of the renal type 2c
sodium-phosphate cotransporter. The gene is located on
chromosome 9q34, which contains the gene SLC34A3.
Rickets and/or osteomalacia is the presenting feature like
XLH. Mild forms may present with hypercalciuria and
nephrolithiasis without bone disease. Patients should be

treated only with phosphorus supplementation. Calcitriol
should not be used. Plasma calcitriol levels and urinary
calcium excretion should be monitored.!

Dent’s disease

Dent’s disease results from mutations in the CLCN5 gene
encoding a voltage-gated chloride transporter in about
60% of patients, and with the OCRL1 gene in another
15%. It is an X-linked recessive syndrome in which a
primary defect in the cells of the proximal renal tubule
results in a phenotype of proximal tubular solute-wasting,
hypercalciuria, nephrocalcinosis, kidney stones, renal
failure, and in some cases rickets. The most consistent
feature is low molecular weight (LMW) proteinuria; other
evidence of proximal solute reabsorptive failure includes
glycosuria, aminoaciduria, and phosphaturia; though not
bicarbonaturia. Rickets occurs only in 25% of patients and
it is seen in early childhood. In a hypophosphatemic child
with rickets, if other features suggest Dent’s disease, urinary
LMW proteins (B2 microglobulin and retinol-binding
protein) should be measured."

Tumor induced osteomalacia (oncogenic osteomalacia)

Usually seen in adults where tumor leads to severe
hypophosphatemia with osteomalacia. Rarley in children
when growth plates are open, tumor may cause rickets. The
tumors associated with rickets or osteomalacia are benign,
small, and originate from the mesenchyma (e.g., sclerosing
type of hemangiopericytoma).” The tumor produces
PTH related peptide (PTH tP). Unlike PTH, PTH rP
affects only phosphate transport and has no effect on
calcium metabolism. PTH antagonists do not block PTH
P and and its effects are not mediated by cyclic adenosine
monophosphate (AMP). The phosphaturic hormone
implicated in TIO is FGF23.%" There may be a possible
pathogenetic role for FGF23 in some patients with TIO.
Vitamin D metabolism is abnormal in TIO and plasma
calcitriol is reduced despite hypophosphatemia. TIO is
a differential of XLLH and ADRH and is characterized
by hypophosphatemia, osteomalacia or rickets, renal
phosphate wasting, no other proximal tubular defects,
and an inappropriately low plasma calcitriol. The family
history is negative unlike the other two disorders. Tumor
localization is a major challenge. Despite total body magnetic
resonance imaging (MRI), scintigraphy using octreotide
labeled with indium-111 (because the tumors typically
express somatostatin receptors) or scintigraphy combined
with positron emission tomography/computerized
tomography (PET/CT) which are often employed;
identification of the tumor is often difficult as it is generally
small and intraosteal.’*? Systemic venous sampling for
FGF23 levels is one of the newer methods used for tumor
detection. Functional imaging studies included whole
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body!"! In-octreotide single photon emission computed
tomography (SPECT) and, if necessary, whole body!"*
fluorodeoxyglucose PET/CT and anatomic imaging (CT,
MRI).P¥ Treatment is similat to those of X-linked disease.
Cinacalcet may be useful.? Therapy is continued until the
causative tumor can be removed or indefinitely if tumor
removal is not possible. Treatment with octreotide may be
considered when the tumor cannot be found."

Vitamin D dependent rickets

Vitamin D dependent rickets type 1

VDDR-1is also called pseudovitamin D deficiency rickets.
Itis caused due to 1-alpha-hydroxylase deficiency. VDDR-I
is characterized by eatly onset of rickets (within the 1*
year of life) and severe hypocalcemia (sometimes with
tetany), with accompanying moderate hypophosphatemia.
Enamel hypoplasia may occut. These features distinguish
VDDR-I from XLH (previously known as X-linked vitamin
D-resistant rickets).

VDDR-1is an autosomal recessive disorder. It is characterized
by defective conversion of 250HD-1,25(0OH) ,D.*l
The characteristic biochemical findings of VDDR-I
are normal serum levels of 250HD and low levels of
1,25(OH) ,D. Patients with VDDR-I have inactivating
mutations in the CYP27B1 gene which encodes the enzyme
1-alpha hydroxylase responsible for the conversion of
250HD to 1,25 (OH) ,D. The treatment for VDDR-I
is 1,25 (OH) ,D (calcitriol). The initial dose for rickets
is 1 pg/day tll bone healing occurs. Later the dose is
reduced to 0.25 and 1 pg/day. Adequate intake of dietary
calcium (30-75 mg/kg/day of elemental calcium) should be
maintained. Possible side effects of 1,25(OH) D therapy
include hypercalcemia, hypercalciuria, nephrocalcinosis,
and intraocular calcifications. Therefore, it is important
to check the urinary calcium/creatinine ratio and kidney
function (e.g. serum creatinine) at each visit. Renal ultrasound
and ophthalmologic consultation (slit lamp examination)
should be performed once per year.

Vitamin D dependent rickets type I

Is a very rare form of rickets. It is an autosomal recessive
disorder. It is associated with end-organ resistance to
1,25(OH) ,D, usually caused by mutations in the gene
encoding the vitamin D receptor. The defect in the receptor
interferes with the function of the hormone-receptor
complex, thereby preventing 1,25(OH) D action.P™!
The clinical spectrum of VDDR II varies widely with
the type of mutation. Affected children usually appear
normal at birth, but develop rickets within the first 2 years
of life. Alopecia is seen in resulting from the lack of
vitamin D receptor activity within keratinocytes develops
in approximately two-thirds of cases and is a marker of

disease severity."**! The treatment of VDDR II consists
of therapeutic trial of 1,25(OH) D (calcitriol) and calcium.
The severity of the receptor defect varies among patients.
Therapy is started at daily doses of 2 ug of 1,25 (OH)
,Dand 1 g of elemental calcium. However, in some
cases administration of very high doses of 1,25(OH)
,D (up to 60 ug/day) and calcium (up to 3 g per day) may
be necessary. Intravenous calcium infusion into central vein
may be needed for resistant patients and must be continued
for many months. Oral calcium therapy may be sufficient
once radiographic healing has occurred.

Chronic kidney disease rickets (renal osteodystrophy)

In patients with moderate to severe chronic kidney disease,
there is a high anion gap acidosis. In chronic kidney disease
as the number of functioning nephrons decreases, acid
excretion is initially maintained by increased ammonium
excretion per nephron. However, when the GFR is below 40
ml/min, ammonium excretion begins to fall due to decrease
in number of functioning nephrons. There is retention of
hydrogen ions, which can lead to a progressive metabolic
acidosis. The anion gap is elevated due to retention of
anions such as phosphate, sulfate, urate, and hippurate due
to reduced GFR. Other factors contributing to rickests
include reduced formation of 1,25(OH) D, administration
of aluminum, and secondary hyperparathyroidism. Patients
who have a normal anion gap differ from those with DRTA
as they have high serum creatinine and a urine pH of <5.3.
Itis associated with elevated phosphorus and low calcium.

In our study we found that in children with renal rickets;
20% had azotemic rickets, 64.3% had DRTA, 7.1% had
PRTA, and 6.4% had hypophosphatemic rickets, while
1.7% had VDDR.I*" Cystinosis is an important cause of
PRTA in children and can be diagnosed by slit lamp.*!

Monitoring

During initial phase, patients should be evaluated at least
once per week with serum calcium, phosphorus, alkaline
phosphatase, creatinine, 1,25(OH) D, PTH, and urinary
calcium/creatinine ratio. If the biochemical parameters
do not respond, the dose of 1,25(OH) ,D should be
gradually increased to reach serum concentrations of up
to 100 times the normal mean value. Failure of therapy
should be considered if no biochemical response occurs
after 3-5 months of treatment. Radiographs should show
clear improvement after 4 weeks of therapy and should be
repeated after 3 months; when the growth plates should
have regained a normal appearance. Patients may be
evaluated at 3-month intervals during maintenance therapy.
Hand radiographs are performed once per year to check
for the reappearance of rachitic changes.
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Differential diagnosis

Rare metabolic bone diseases, including hypophosphatasia,
have been confused with rickets in infancy. Jansen syndrome
is a rare autosomal dominant form of short-limbed dwatfism
in which infants present with metaphyseal chondroplasia.
Hypophosphatasia is a rare genetic disorder of alkaline
phosphatase activity. Like rickets, it is characterized by
bone demineralization. In contrast to rickets, serum
alkaline phosphatase activity is very low.*”) Skeletal
dysplasia (e.g. achondroplasia, pseudoachondroplasia,
and metaphyseal chondrodysplasia) is another cause of
bilateral, symmetric bowed legs. The radiographic features
can be similar to those of rickets. However, serum inorganic
phosphorus and PTH concentrations usually ate normal
in children with skeletal dysplasia.

CONCLUSIONS

Rickets and osteomalacia are commonly encountered
clinical problems. Many cases of rickets are nutritional
and respond to vitamin D therapy. A single dose of
6 lakh IU intramuscular (IM) is the most practical way to
treat nutritional rickets along with calcium. The serum
phosphorus rises within 96 h and healing is seen on X-ray
within 4 weeks. In case of nonresponse, the renal causes
should be considered. A normal serum creatinine excludes
renal osteodystrophy. The presence of acidosis points
towards RTA. Further differentiation between types 1 and
2 is by urine pH. The absence of acidosis indicates either
hypophosphatemic rickets or VDDR. Hypophosphatemic
rickets shows renal phosphate wasting, while VDDR can
be identified by measuring serum vitamin D. The treatment
depends on etiology, hence a proper evaluation is needed.
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