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Abstract

We present the case of recurrent fractures and hypophosphataemic rickets that occurred in a young man who
received parenteral ferrous carboxymaltose (FCM) for chronic iron deficiency associated with Crohn disease. The
effect of FCM on bone and mineral metabolism and the frequency of this disorder are discussed.
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Case Report

A 45-year-old man was referred for bone pain and fragility fractures.
He was diagnosed with Crohn disease (CD) aged 19 years and required
a small bowel resection with 35 centimetres of ileum removed in 1989.
His condition remained stable until 2010 when he developed colonic
structuring disease requiring subtotal colectomy. An area of residual CD
was left close to the anal verge due to his preference against a permanent
ileostomy. He received mesalazine, varying doses of prednisolone,
infliximab and azathioprine. He presented in 2015 with a four-month
history of progressive bone pain involving his ribs, spine and feet. This
was associated with morning stiffness and difficulty with daily activities.
A rheumatologist excluded an immunological reaction to Infliximab.
Examination revealed tenderness in the mid-thoracic region, left leg
and metatarsophalangeal joints. A technetium bone scan revealed acute
fractures over multiple ribs in an asymmetrical pattern, both pedicles
of L4 vertebra, left sacral alae, femoral head, and metatarsals (Figure 1).
Differential diagnoses included multiple stress fractures due to severe
glucocorticoid-induced osteoporosis and malabsorption or less likely
malignant bone disease.

He had no history of prior fractures. His only risk factor for
osteoporosis was glucocorticoid exposure. He denied symptoms of
malabsorption, but complained of malaise as a result of chronic iron
deficiency. This was extensively investigated with CT abdomen, both
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Figure 1: Technetium bone scan showing tracer uptake over multiple ribs
in an asymmetrical pattern, both pedicles of L4 vertebra, left sacral alae,
femoral head, and metatarsals.

upper and lower gastrointestinal, as well as capsule endoscopy and
small bowel biopsy. He had low haemoglobin (62 g/L), serum ferritin
(11 pg/L) and bone marrow iron stores, and received parenteral ferrous
carboxymaltose (FCM) infusions every 8 weeks for about four years.
Protein electrophoresis showed no changes and myeloma screen
was negative. Thoracic spine CT and whole body PET scan excluded
malignancy. Bone densitometry showed mild osteopenia (lumbar
spine T-score-1.8 and femoral neck T-score-0.7). He was referred for
endocrine evaluation.

He was eugonadal. The corrected serum calcium was borderline
low (2.04 mmol/L). The creatinine, 25-hydroxyvitamin D (calcidiol),
vitamin B12 and bone turnover markers were normal, while the
parathyroid hormone (PTH) was mildly elevated (Table 1). Review of
previous investigations revealed a long history of hypophosphataemia
(0.21 mmol/L to 0.80 mmol/L). This was shown to be due to renal
phosphate wasting as exemplified by an elevated 24-hour urine
phosphate excretion and reduced renal phosphate reabsorption (TmP/
GFR). Various causes for the renal phosphate loss such as primary and
secondary hyperparathyroidism, 25-hydroxyvitamin D deficiency,
Fanconi syndrome, and exposure to heavy metals (cadmium) were
excluded. He had markedly low serum 1,25-dihydroxyvitamin D
(calcitriol) and an elevated intact serum fibroblast growth factor 23
(FGF23), more than five times the upper limit of normal. Osteomalacia
due to hypophosphataemia was suspected as cause for his fractures and
bone biopsy was performed which demonstrated increased osteoid
surfaces and osteoid thickness suggestive of a mineralisation defect
(Table 1).

The hypophosphataemia, elevated FGF23, phosphaturia and
reduced calcitriol were thought to be the result of the FCM exposure.
His therapy was revised to parenteral iron sucrose, phosphate 500 mg
TDS and calcitriol 0.25 mcg TDS. His bone pain resolved and he did
not suffer further fractures. His serum phosphate, calcitriol and FGF23
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normalised over 3 months thereby allowing the phosphate and calcitriol ~TmP/GFR over time with the substitution to iron sucrose confirming
to be withdrawn. Figure 2 shows recovery of calcium, phosphate and  the diagnosis of hypophosphataemia secondary to FCM administration.

Tests ‘ Patient Results ‘ Reference Range
Haematology
Haemoglobin 87 130 g/L to 180 g/L
Iron 3 10 ymol/L to 30 ymol/L
Transferrin Saturation 5 13% to 45%
Ferritin 31 20 pg/L to 300 pg/L
Vitamin B12 250 150 pmol/L to 700 pmol/L
Biochemistry
Creatinine 75 60 pmol/L to 110 pmol/L
ALP 71 35 U/L to 110 U/L
25-OH Vitamin D 75 50 nmol/L to 150 nmol/L
1,25-di,OH Vitamin D 19 60 pmol/L to 200 pmol/L
Hormone
PTH 8.3 1.5 pmol/L to 7.6 pmol/L
Intact FGF23 289 <54 pg/ml
Testosterone 171 10 nmol/L to 32 nmol/L
ACTH 6.3 <11 pmol/L
Cortisol 230 120 nmol/L to 620 nmol/L
Urine Chemistry
DPYD excretion 4.9 2.3 pmol/mmol to 5.4 ymol/mmol crea
24 hour Phosphate excretion 44 13 mmol/24h to 42 mmol/24h
Bone Histomorphometry
Trabecular Bone Area 26.8 21% to 29%
Relative Osteoid Area 20.4 1.3% t0 3.1%
Total Osteoid Surface 58.6 7.1% to 13.9%
Total Resorption Surface 5.8 2.2% 10 6.7%
Osteoid Thickness 22.4 9.2 ymto 14.9 ym
Fibrous Area 0 0%

*ALP — Alkaline phosphatase, PTH — Parathyroid Hormone, ACTH — Adenocorticotropic hormone DPYD - Deoxypyridinoline
Table 1: Baseline investigations while on FCM infusion at the time of endocrine review.
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Figure 2: Corrected serum calcium, serum phosphate and renal tubular maximum reabsorption of phosphate (TmP/GFR) performed prior to and after the iron infusions.

The coloured dotted lines reflect the reference range. The coloured bars indicate investigations prior to FCM infusions (@), during FCM infusions (@) and during iron
sucrose infusions ().
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Discussion

Osteoporotic fractures in young men are frequently secondary to
corticosteroid use, excessive alcohol consumption, hypogonadism,
vitamin D deficiency, anti-convulsant medications, and hypercalciuria
[1]. Non-osteoporotic fractures in young men, apart from trauma,
can be due to malignancy. Our patient did not have any history
of trauma, evidence of malabsorption or malignancy. He was not
osteoporotic despite long-term corticosteroid use. His osteofragility
fractures occurred from FCM-induced renal phosphate wasting and
hypophosphataemic rickets.

Our patient suffered from chronic and poorly controlled CD. This
is a common disorder with a crude annual incidence rate for CD is
17.4 per 100,000 (95% CI 13.0 to 23.2 per 100,000) [2]. It presents
as bowel inflammation with loss of digestive and absorptive surface,
resulting in malabsorption/ steatorrhea that can cause anaemia,
hypoalbuminaemia, hypocalcaemia, hypomagnesaemia, coagulopathy,
and hyperoxaluria with nephrolithiasis. Many patients need to take
oral and often parenteral iron. Vertebral fractures are caused by a
combination of vitamin D deficiency, hypocalcaemia, and prolonged
glucocorticoid use [3].

Iron deficiency anaemia is the most common underlying condition
in CD and presented a therapeutic challenge in our patient. It occurs
in 36% to 90% of subjects with CD [4]. Intestinal blood loss through
ulcerated mucosal surface is regarded the predominant cause of iron
deficiency. Oral iron supplementation seems effective for short periods
but intolerance leads to discontinuation in up to 21% [5]. Parenteral
is the preferred route of iron supplementation as it is more effective,
better tolerated and improves QoL to a greater extent [6]. Majority of
patients will require long term recurrent iron infusions that may result
in infusion related complications.

Hypophosphataemia occurs from (1) increased urinary phosphate
excretion due to drugs (parenteral iron), hyperparathyroidism, vitamin
D deficiency or resistance, hereditary hypophosphataemic rickets,
oncogenic osteomalacia, Fanconi syndrome, and exposure to heavy
metals (cadmium); (2) redistribution of phosphate from extracellular
fluid into cells during diabetic ketoacidosis therapy, carbohydrate
refeeding syndrome, acute respiratory alkalosis or hungry bone
syndrome and (3) decreased absorption of phosphate due to inadequate
intake, drugs, or chronic diarrhoea [7].

The kidney exerts a major influence on phosphate balance. Renal
phosphate reabsorption occurs in the proximal tubule (60% to 70%)
and in the distal tubule (10% to 15%) [7]. FGF23 is an osteocyte-derived
hormone that regulates phosphate and vitamin D homeostasis. It acts
in the proximal tubule to reduce renal phosphate reabsorption through
the Na-Pi channel and inhibits 1-a-hydroxylase (inhibiting conversion
of calcidiol to calcitriol). It also acts directly on the parathyroid to
suppress PTH release [8]. Hypophosphataemia and elevated FGF23
level can be seen in hereditary hypophosphataemic rickets disorders,
fibrous dysplasia, oncogenic osteomalacia [9] and following parenteral
iron [10]. Our patient’s investigations excluded 25-hydroxyvitamin D
deficiency, malignancy and oncogenic osteomalacia. Urine 24-hour
electrolyte excretion excluded Fanconi syndrome and showed isolated
phosphate wasting. There was no history to suspect familial syndromes.
The elevated FGF23 and low serum phosphate during FCM therapy that
normalised with iron sucrose infusions are highly suggestive that his
hypophosphataemic rickets was caused by the FCM therapy, inducing
renal phosphate leak. The secondary hyperparathyroidism was due to
the reduction in calcitriol and calcium levels and contributes to the
urinary phosphate leak.

Hypophosphataemia following parenteral iron is well described
and may be severe. Although the mechanism is not fully understood,
recent studies suggest that reduced serum phosphate in response to
FCM iron is mediated by an acute increase in FGF23, which induces
phosphaturia and suppresses calcitriol, similar to genetic diseases of
primary FGF23 excess [10]. Van Wyck et al. demonstrated that 70%
of patients who received FCM for menorrhagia developed transient
and asymptomatic reductions in serum phosphate that appeared
within 2-4 weeks of treatment and resolved within 6-12 weeks [11].
Wolf et al. randomised 55 women with menorrhagia to receive
parenteral FCM or iron dextran. Within 24 hours of administration,
the intact and biologically active FGF23 increased and was followed
by an asymptomatic reduction in serum phosphate in the FCM group
as compared to the iron dextran group [12]. Hardy and Vardemergel
looked at the prevalence, duration and potential consequences
of hypophosphataemia after iron infusion. The prevalence of
hypophosphataemia was 51% in the FCM group and 21% in the iron
sucrose group that lasted up to 6 months. 13% of patients developed
profound hypophosphataemia [13]. Parenteral iron complexes differ
in their capability to induce unintended hypophosphataemia. Kalra
and Bhandari reported iron isomaltoside to be effective in treating iron
deficiency anaemia, compared to placebo, iron sucrose, and oral iron
without clinically significant hypophosphataemia [6].

This case demonstrates the onset of hypophosphataemic rickets
and fragility fractures in a young man with CD treated with prolonged
and recurrent infusions of FCM for iron deficiency anaemia. The low
phosphatelevels were consequent to elevated FGF-23 levels that induced
severe renal phosphate loss, reduced activation of calcidiol, decreased
calcitriol level, increased PTH level, and reduced phosphate absorption.
Hypophosphataemia is worse with FCM as opposed to iron sucrose,
dextran, and clinically insignificant in isomaltoside. We recommend
avoiding FCM infusions in treating iron deficiency associated with
chronic diseases. It is imperative to monitor calciotrophic hormones
during and after iron infusion so that early electrolyte replacement can
be instituted as this may lessen the risk of skeletal fragility.
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