
Hindawi Publishing Corporation
Case Reports in Pediatrics
Volume 2013, Article ID 354314, 5 pages
http://dx.doi.org/10.1155/2013/354314

Case Report
Successful Medical Therapy for Hypophosphatemic
Rickets due to Mitochondrial Complex I Deficiency Induced
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Primary de Toni-Debré-Fanconi syndrome is a non-FGF23-mediated hypophosphatemic disorder due to a primary defect in renal
proximal tubule cell function resulting in hyperphosphaturia, renal tubular acidosis, glycosuria, and generalized aminoaciduria.
The orthopaedic sequela and response to treatment of this rare disorder are limited in the literature. Herein we report a long term
followup of a 10-year-old female presenting at 1 year of age with rickets initially misdiagnosed as vitamin D deficiency rickets.
She was referred to the metabolic bone and genetics clinics at 5 years of age with severe genu valgum deformities of 24 degrees
and worsening rickets. She had polyuria, polydipsia, enuresis, and bone pain. Diagnosis of hypophosphatemic rickets due to de
Toni-Debré-Fanconi syndrome was subsequently made. Respiratory chain enzyme analysis identified a complex I mitochondrial
deficiency as the underlying cause. She was treated with phosphate (50–70mg/kg/day), calcitriol (30 ng/kg/day), and sodium citrate
with resolution of bone pain and normal growth. By 10 years of age, her genu valgus deformities were 4 degrees with healing of
rickets. Her excellent orthopaedic outcome despite late proper medical therapy is likely due to the intrinsic renal tubular defect that
is more responsive to combined alkali, phosphate, and calcitriol therapy.

1. Introduction

Hypophosphatemic rickets (HR) is a group of diseases
sharing similar biochemical phenotypes including excessive
renal phosphate wasting, low serum phosphate, and inap-
propriately low or normal serum 1,25-dihydroxyvitamin D
(1,25-OHD) for the given level of hypophosphatemia. After
the discovery of fibroblast growth factor 23 (FGF-23), a
phosphaturic factor, that is produced by osteocytes and
osteoblasts and regulates phosphate homeostasis, HR is now
divided into 2 groups: FGF23-mediated and non-FGF23-
mediated [1]. FGF23-mediated HR consists of a number
of inherited disorders such as X-linked hypophosphatemic

rickets (XLH), the most common form, or less common
forms such as autosomal dominant/autosomal recessive
hypophosphatemic rickets. Aberrant production of FGF-
23 is seen in tumor-induced osteomalacia or fibrous dys-
plasia. The non-FGF23-mediated hypophosphatemic rickets
includes hypophosphatemic rickets with hypercalciuria, and
renal Fanconi syndrome.

Primary de Toni-Debré-Fanconi syndrome is due to a
generalized defect in renal proximal tubule cell function and
is characterized by hypophosphatemic rickets, renal tubular
acidosis, renal glycosuria, and generalized aminoaciduria.
The orthopaedic sequela of this rare disorder in the literature
is scarce. Most treatment outcomes of hypophosphatemic
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rickets were described in familial form, particularly in X-
linked hypophosphatemic rickets (XLH). We present an
interesting case of a 10-year-old female with primary de Toni-
Debré-Fanconi syndrome presenting with significant genu
valgum as a result of hypophosphatemic rickets, for which
the treatment was delayed, but yet had a satisfactory growth
and orthopaedic outcome after treatment with phosphate,
calcitriol, and sodium citrate. The underlying mitochondrial
disorder as a cause of Fanconi syndrome is also discussed.

2. Case Presentation

A female patient, second child of nonrelated Dominican
parents was born at 39 weeks’ gestation after a normal
uncomplicated pregnancy and a normal spontaneous vaginal
delivery. Her birth weight was 4.1 kg. She developed genu
varum around age 1 year. Biochemical studies showed normal
serum calcium, low serum phosphorus, significantly ele-
vated alkaline phosphatase (ALP), and parathyroid hormone
(PTH) levels (Table 1). Radiographic studies of knee and
wrist joints showed evidence of rickets (Figure 1). Initial
diagnosis made prior to her referral to a metabolic bone
specialist was vitamin D deficiency rickets. She was treated
with ergocalciferol at various doses for 2 years with no
improvement. Her serum 25 hydroxy vitamin D increased
from 22 ng/mL at baseline to 80 ng/mL after a megadose
of ergocalciferol. Repeat radiographs of her knees at age 3
years showed increased widening of physes with increased
cupping and fraying of the metaphyses (Figure 2(a)). She had
complaints of polyuria, polydipsia, enuresis, and bone pain.

Further laboratory investigations at age 3 years revealed
mild metabolic acidosis with serum bicarbonate ranging
from 19-20mmol/L, glycosuria (glucose > 1000mg/dL, with
normal corresponding blood glucose), and proteinuria (pro-
tein > 300mg/dL). Serum phosphorus was low at 2.2mg/dL
and serum creatinine was normal at 0.4mg/dL, with cor-
responding urine phosphorus of 43.6mg/dL and urine cre-
atinine of 18.4mg/dL. Tubular reabsorption of phosphorus
was low at 56.9%, indicating inappropriate renal wasting of
phosphate. All these findings are consistent with a proximal
tubulopathy or renal Fanconi syndrome with hypophos-
phatemic rickets. She was started on sodium citrate and very
low dose phosphate at 4mg/kg/day at age 3 years.

She was evaluated in the genetics clinic at 5 years of
age. In addition to the tubulopathy, she was also found to
havemild developmental delays andhypotonia. Serumamino
acids showed elevated alanine and proline, while her urine
amino acids showed severe generalized aminoaciduria. Urine
organic acids showed a large amount of lactic acids with no
ketones. Screening for carbohydrate deficient glycoprotein
disorders was performed by transferrin isoelectric focusing,
with normal results. These findings suggested a mitochon-
drial disorder, and a muscle biopsy was obtained. Histology
was essentially normal with the only noted abnormality con-
sisting of increased lipid in the myofibers, but the respiratory
chain enzyme analysis showed deficiency of complex I and
milder loss of complex III activity. Genetic testing included
mitochondrial DNA testing for point mutations, deletions,

and complex I gene sequencing, all of which were normal.
Additional testing included cranialMRI, demonstratingmild
white matter loss (thinning) of the corpus callosum. Further
laboratory investigations to find the cause of her renal
Fanconi syndrome revealed no evidence of cystinosis, as
white blood cell cystine was normal. Wilson disease and lead
poisoning were ruled out based on normal serum cerulo-
plasmin and lead levels. Her hypophosphatemic rickets was
concluded to be due to secondary de Toni-Debré-Fanconi
syndrome primary to the mitochondrial disorder.

The patient was referred to the pediatric metabolic bone
clinic at age 5 years. She was noted to have swelling of
her knees with genu valgus deformities of 24 degrees noted
on her radiograph of lower extremities (Figure 2(a)) with
persistent widening of the physes in both knees (Figure 1(c)).
She was started on phosphate initially at 70mg/kg/day of
elemental phosphorus and calcitriol at 30 ng/kg/day and
continued sodium citrate. She had significant improvement
in her genu valgum with normal growth rate following along
the 5th percentile. Her biochemical studies showed remark-
able improvement with normalized serum phosphorus and
PTH levels and significantly decreased ALP level (Table 1).
Phosphate dose was decreased to 50mg/kg/day at age 6 years.
By age 10 years, her genu valgus deformities were 4-5 degrees
with healing of rickets (Figure 2(b)). She had no fractures
and her bone pain resolved. Renal ultrasound showed no
nephrocalcinosis. Her bone mineral density (BMD) at age 10
years showed normal lumbar BMD at 0.654 gm/cm2 or 𝑍
score at 0, while total body BMD 𝑍 score was low at −2.2.

3. Discussion

This case presents a diagnostic challenge in making a correct
diagnosis that requires a thorough laboratory investigation.
There are multiple causes of rickets that clinicians should
consider in the differential diagnoses other than vitamin D
deficiency or nutritional rickets—the most common cause,
when evaluating a toddler with clinical, biochemical, and
radiological rickets. Vitamin D deficiency and hypophos-
phatemic rickets can share similar biochemical findings of
low phosphorus, elevated alkaline phosphatase, and PTH
levels. Renal phosphate wasting is the main biochemical
difference between these 2 causes of rickets; therefore, bio-
chemical study to assess TRP should be obtained. In our
patient, this was not done until the patient was 3 years old
when her rickets was refractory to ergocalciferol therapy.
Moreover, her polyuria and polydipsia should be the clues
to investigate for a possible renal tubular disorder associated
with metabolic bone disease. Diagnosis of renal Fanconi
syndrome presenting with hypophosphatemic rickets was
made on the basis of phosphaturia, glycosuria, generalized
aminoaciduria, and metabolic acidosis. Other genetic causes
of hypophosphatemic disorders such as XLH were unlikely
with the presence of her generalized tubulopathy.

Fanconi syndrome is a generalized dysfunction of the
proximal renal tubule, leading to impaired reabsorption of
amino acids, glucose, phosphate, potassium, and bicarbonate
with increased excretion of these solutes into the urine [2].
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(a) (b) (c)

Figure 1: Radiographs of knees at diagnosis (a) and before phosphate and calcitriol were commenced. (a) Radiograph of both knees at 1 year
of age showed irregularity, fraying and flaring of the distal femoral and proximal tibia metaphyses bilaterally. (b) Radiograph of knees at 3
years of age showed worsening rickets with increased widening, cupping and fraying of metaphyses of the distal femur, the proximal tibia,
and fibula. (c) Radiograph of knees at 4 years of age showed persistent widening of metaphyses in both knees.

(a) (b)

Figure 2: Radiograph of both lower extremities in a standing view. (a) Marked genu valgum deformity (24-degree angulation on the left and
20 degrees on the right) was noted at 5 years of age before phosphate and calcitriol therapy was commenced. (b) Marked improvement in
genu valgum and healing of rickets at 10 years of age (4-degree angulation on the left and 5 degrees on the right).

Table 1: Biochemical data over the course of followup.

Age (years) Calcium
(8–10.5mg/dL)

Phosphorus
(4.2–6.5mg/dL)

ALP
(55–380U/L)

25-OHD
(>30 ng/mL)

1,25-OHD
(15–90 pg/mL)

PTH
(10–65 pg/mL) Treatment

1 10.1 3.5 1171 22 74 279 Started on
ergocalciferol

2.5 8.8 2.2 1209 22 72 100 Megadose
ergocalciferol

3 9.5 2.7 1153 80 126 Sodium citrate

5 (referred to
bone clinic) 9.1 2.0 2049 34 35 170

Phosphate,
calcitriol, and
sodium citrate

6 9 4.9 886 23 64 41 Same
7 10.1 4.7 883 20 50 38 Same
8 9.1 4.7 1161 19 118 70 Same

9 8.9 2.4 1310 20 36 181
Patient

nonadherent to
treatment
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The classic clinical features of Fanconi syndrome include
polyuria, dehydration, hypokalemia, hypophosphatemia, and
metabolic acidosis. The chronic loss of phosphate and the
inadequate synthesis of 1,25-OHD together result in phos-
phate depletion and demineralization of the bone, causing
hypophosphatemic rickets in children or osteomalacia in
adults [3]. Fanconi syndrome can either be inherited or
acquired. The inherited form is seen in a number of genetic
disorders such as cystinosis, tyrosinemia type I, glycogen
storage disease type I, hereditary fructose intolerance, Lowe
syndrome, Fanconi-Bickel syndrome [4], and mitochondrial
disorders [5]. The acquired form is seen in association
with immunologic or hematologic disorders such as mul-
tiple myeloma, Sjögren syndrome, or interstitial nephritis
[6]. The acquired form has also been reported to be sec-
ondary to a number of heavy metals [7] or drugs such
as aminoglycosides, valproate, ifosfamide, or antinucleoside
antiretrovirals [8]. The original full name of the Fanconi
syndrome is de Toni-Debré-Fanconi syndrome which was
used after de Toni, Debré, and Fanconi described children
with hypophosphatemic rickets and glycosuria in the 1930s [2,
9]. In some cases, the cause of Fanconi syndrome is unknown
or unidentified, and thus, idiopathic Fanconi syndrome is
used [10, 11].

In our patient, her very young age onset suggests a
genetic form of Fanconi syndrome. The etiology was found
to be secondary to mitochondrial disorder, caused by a
deficiency of the respiratory chain complex I. Mitochondria
perform many tasks, but one of the most important is
the production of energy in the form of ATP through
oxidative phosphorylation. The respiratory chain consists of
five protein complexes, located on the inner membrane of
the mitochondria. During the oxidation process, reducing
equivalents are transferred to oxygen through the enzymatic
complexes of the mitochondrial respiratory chain: complexes
I, III, and IV for NADH producing substrates and complexes
II, III, and IV for succinate. Since mitochondria are present
in all cells (except erythrocytes), a disorder of oxidative
phosphorylation can give rise to a wide range of systemic
diseases in any organs or tissues. The renal manifestation of
mitochondrial disease is more common in children than in
adults. It may be the first sign of a mitochondrial disorder, or
it may appear simultaneously with neurological and neuro-
muscular symptoms. Due to the high metabolic demand of
cells in the proximal tubule, renal tubulopathy, or de Toni-
Debré-Fanconi syndrome, is a common manifestation, pre-
dominantly as a result of a defect in the sodium-potassium-
ATPase pump that drives all the transport of the solutes in
the proximal tubular cells [12]. Most patients with mitochon-
drial disorders who manifest tubulopathy do so by the age
of 2 years with earliest manifestation in some cases [13].
Multisystem diseases are almost always present in reported
cases including myopathy, encephalopathy, diabetes mellitus,
or cardiac involvement [14]. Mitochondrial disorders are
frequently difficult to diagnose due to extreme variability
in presentation, both for specific organ involvement and
severity. Disease manifestation, progression, and severity are
often hard to predict based on molecular and biochemical
data for those presenting without a syndromic pattern [14].

At last assessment, our patient has predominantly renal
involvement, with minimal manifestation of other systems.

There is no specific treatment for mitochondrial dis-
orders, but rather a symptomatic treatment. Our patient’s
treatment consists of alkali supplementation in the form
of sodium citrate (since she did not have hypokalemia)
for her metabolic acidosis and phosphate and calcitriol
for her hypophosphatemic rickets [15, 16]. This resulted
in normalized serum phosphorus level without secondary
hyperparathyroidism in our patient. Early treatment, before
the first year of life (mean age of 0.35 years) and before
clinical or radiographic evidence of rickets with phosphate
and calcitriol, has been shown to improve growth and bone
outcome in XLH [17]. Conversely, late treatment (mean age
2.1 years) does not completely normalize skeletal develop-
ment [17]. Despite adequate medical treatment, the ortho-
pedic outcome in XLH may be unsatisfactory and in most
cases, the deformities do not resolve and require surgical
correction [18]. Our patient had an excellent biochemical and
radiographic response to therapy even when begun at age 5
years with improvement in her genu valgus deformity. This
remarkable response suggests that the orthopedic abnormal-
ities seenwith the intrinsic renal proximal tubular defect as in
Fanconi syndrome are relatively more responsive to medical
treatment.

BMD findings in our patient, similar to that of XLH,
showed a discrepancy between the BMD of the spine and
the peripheral skeleton. The BMD is typically elevated at
the lumbar spine but low at the peripheral skeleton in both
treated and untreated patients with XLH [19, 20]. XLH has
differential disease effect on the axial versus the appendicular
skeleton, in that there is increased trabecular bone volume
(prevalent at the spine) as part of the disease process,
but decreased cortical bone (predominant at the peripheral
skeleton), reflecting the underlyingmineralization defect that
is not entirely corrected by current treatment approach [21,
22].

In conclusion, we report a 10-year-old female with
hypophosphatemic rickets due to de Toni-Debré-Fanconi
syndrome secondary to mitochondrial respiratory chain
complex I deficiency, who had excellent bone healing of
rickets and improvement of her valgus deformity despite
late proper medical intervention. Non-FGF23-mediated
hypophosphatemic rickets may have better response to med-
ical therapy as compared to FGF23-mediated hypophos-
phatemic rickets in which bone deformity continues to
progress on medical therapy and surgical correction is often
required.
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