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Fractures and Osteomalacia in a Patient Treated With Frequent
Home Hemodialysis

Mark R. Hanudel, MD, MS?, Larry Froch, MDZ?, Barbara Gales, RN, Harald Jippner, MD3,
and Isidro B. Salusky, MD?
1Department of Pediatrics, David Geffen School of Medicine at UCLA, Los Angeles, CA

2Department of Medicine, David Geffen School of Medicine at UCLA, Los Angeles, CA
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Abstract

Bone deformities and fractures are common consequences of renal osteodystrophy in the dialysis
population. Persistent hypophosphatemia may be observed with more frequent home hemodialysis
regimens, but the specific effects on the skeleton are unknown. We present an end-stage renal
disease patient treated with frequent home hemodialysis who developed severe bone pain and
multiple fractures, including a hip fracture and a tibia-fibula fracture complicated by non-union,
rendering her non-ambulatory and wheelchair-bound for over a year. A bone biopsy revealed
severe osteomalacia, likely secondary to chronic hypophosphatemia and hypocalcemia. Treatment
changes included addition of phosphate to the dialysate, a higher dialysate calcium concentration,
and increased calcitriol dose. Several months later, the patient no longer required a wheelchair and
was able to ambulate without pain. Repeat bone biopsy revealed marked improvements in bone
mineralization and turnover parameters. Also, with increased dialysate phosphate and calcium, as
well as increased calcitriol, circulating FGF23 levels increased.
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Although hyperphosphatemia is common in end-stage renal disease (ESRD),
hypophosphatemia may also occur. Indeed, ESRD patients treated with frequent home
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hemodialysis often have such high rates of phosphate removal so as to require the addition
of phosphate to the dialysate solution in order to prevent hypophosphatemia®; however, the
long-term skeletal consequences are unknown. In individuals with normal kidney function,
chronic hypophosphatemia may lead to impaired bone mineralization and osteomalacia,
which may present clinically as bone pain and/or fractures. Here, we present a case of
symptomatic osteomalacia in a patient on frequent home hemodialysis, treated with the
addition of phosphate to the dialysate solution, calcium supplementation, and active vitamin
D sterols. Furthermore, we demonstrate the response of circulating fibroblast growth factor
23 (FGF-23) levels to such therapy changes.

Case Report

A 52-year-old Caucasian female ESRD patient presented to the orthopedic clinic for a
poorly-healing tibia-fibula fracture. She sustained the left leg fracture with minimal trauma
eight months prior to presentation, and the fracture had yet to heal, requiring a short leg cast
that was serially changed. She had an extensive fracture history, including a fractured hip
twelve months prior to presentation, a pubic ramus stress fracture, and metatarsal and
metacarpal fractures. She also reported right tibia pain. Her bone pain and multiple fractures
rendered her non-ambulatory and wheelchair-bound for 17 months prior to presentation. She
was referred to our Bone Clinic, where X-rays revealed a non-union fracture of the left tibia
and fibula, with significant osteopenia.

The patient developed ESRD secondary to suspected Alport’s syndrome at 14-years-old and
started dialysis. She underwent three failed kidney transplants, the last of which occurred 12
years prior to presentation, and had been dialysis-dependent for a total of 30 years. Her past
medical history also included subtotal parathyroidectomy 35 years prior to presentation and
sensorineural hearing loss. The patient was on home hemodialysis via a left upper extremity
arteriovenous fistula, four sessions per week, seven hours per session, using a Fresenius
2008K home machine, with a blood flow rate of 220 mL/minute, a dialysate flow rate of 300
mL/minute, and a dialysate composition of 2 mEg/L potassium, 2.5 mEg/L calcium, and 35
mEq/L bicarbonate. She was anuric. The patient took ergocalciferol 50,000 1U weekly and
calcitriol 0.25 mcg daily. She was not treated with calcium supplements or phosphate
binders. Her diet included dairy products, and her daily dietary phosphate intake was
approximately 600 mg.

Review of the patient’s laboratory results revealed chronic hypophosphatemia, with serum
phosphate ranging from 1.9-2.9 mg/dL for several months prior to the clinic visit, and a
nadir value of 1.5 mg/dL during the year prior to presentation. Serum calcium levels were
low-normal in the months prior to the clinic visit (8.5-9.0 mg/dL), and several ionized
calcium measurements during this period were <1.10 mmol/L. In the setting of this mild
hypocalcemia, intact parathyroid hormone ranged from 24-53 pg/mL; more remote levels
were in the high 30 to low 40 pg/ml range. Serum 25(OH) vitamin D and 1,25(0OH), vitamin
D levels were sufficient—76 ng/mL and 52 pg/mL, respectively. Plasma carboxy-terminal
(total) FGF-23 was 152 RU/mL, and intact (bioactive) FGF-23 was 55 pg/mL, low values for
a dialysis patient, likely reflecting the consequences of hypophosphatemia.
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Given the history of fractures, bone pain, and persistent hypophosphatemia, a bone biopsy
after double tetracycline labeling was performed, which revealed markedly increased osteoid
volume, surface, and thickness; zero percentage mineralizing surface; a mineral apposition
rate of zero; an infinite mineralization lag time; and a bone formation rate of zero (Table 1).
These findings were consistent with a severe mineralization defect, and osteomalacia was
diagnosed.

Given the diagnosis of osteomalacia in the setting of hypophosphatemia and hypocalcemia,
several changes were made to the patient’s treatment regimen. First, phosphate was added to
the dialysate solution. With every hemodialysis treatment, one Fleet® enema solution (118
mL, with a phosphate concentration of 1.38 mmol/mL) was instilled directly to the dialysate,
resulting in a dialysate phosphate concentration of 1.3 mmol/L. Additionally, the dialysate
calcium concentration was increased from 2.5 to 4.0 mEq/L, and the calcitriol dose was
increased from 0.25 mcg daily to 0.5 mcg daily.

Within a few weeks, the patient’s pain markedly diminished. Serum phosphate and calcium
increased (although there were temporary decreases, most values were higher), and alkaline
phosphatase steadily decreased, suggestive of improving bone mineralization (Fig 1). Over
time, carboxy-terminal FGF-23 levels increased 57%, and intact FGF-23 levels increased
222%. Six months after the clinic visit, there was some radiographic evidence of fracture
healing, so the patient was transitioned from a cast to a lower leg walking boot. Repeat bone
biopsy, performed eighteen months later, revealed marked improvements in mineralization
parameters, including normalized mineral apposition rate, improved percentage mineralizing
surface, improved mineralization lag time, and improved bone formation rate (Table 1). By
then, the patient was pain-free, no longer required the lower leg boot, and was walking
without difficulty.

Discussion

This case demonstrates the consequences of long-term hypophosphatemia and hypocalcemia
in a patient treated with frequent home hemodialysis. Bone fragility is common in dialysis
patients and may precipitate fractures. Indeed, in dialysis populations, fracture prevalence
ranges from 10-40%, with even higher percentages observed in patients over 502. Hip
fractures3# and long bone fractures® in dialysis patients are associated with increased
mortality. Children with chronic kidney disease, in whom mineralization defects are
common®, are also at risk for fractures’.

Renal osteodystrophy is defined as alterations in bone morphology associated with chronic
kidney disease; it is quantifiable by bone biopsy histomorphometry8. The five subtypes of
renal osteodystrophy (mild, osteitis fibrosa, osteomalacia, adynamic, mixed) are classified
on the basis of bone turnover and mineralization2. Turnover is quantified by the bone
formation rate, and mineralization, which reflects the amount of unmineralized osteoid, is
measured by the mineralization lag time2. A large retrospective study of dialysis patients
found a higher frequency of fractures in patients with osteomalacia as compared to those
with other types of renal osteodystrophy?.
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Our patient developed severe osteomalacia, characterized by a major decrease in osteoid
mineralization. As bone matrix mineralization requires normal concentrations of phosphate
and calcium, any process causing hypophosphatemia and/or hypocalcemia may engender
suboptimal mineralization. Our patient had both chronic hypophosphatemia and relative
hypocalcemia, despite sufficient vitamin D levels. Although both phosphate and calcium
deficiencies are potentially associated with the development of osteomalacia, we believe that
prolonged and persistent hypophosphatemia played a predominant role in the pathogenesis
of this patient’s severe mineralization defect. Indeed, within weeks after the addition of
phosphate to the dialysate, the patient’s bone pain markedly diminished.

The amount of hemodialysis the patient received likely contributed to the
hypophosphatemial®11, A recent study of home hemodialysis patients receiving 17.5 hours
of dialysis per week found that an average of 4.16 grams of phosphate was removed
weekly12, This is nearly double the average amount of phosphate removed (2.36 grams) in a
study of traditional thrice weekly hemodialysis patients who received an average of 11.5
hours of dialysis per week!3. Our patient received 28 hours of hemodialysis weekly and thus
likely had even greater phosphate removal. As shown in the Frequent Hemodialysis Network
Nocturnal Trial, compared to patients assigned to conventional thrice weekly hemodialysis,
patients assigned to hemodialysis sessions of at least 6 hours six times per week had a mean
decrease in serum phosphate of 1.24 mg/dI* Furthermore, 73% of these patients were able to
discontinue phosphate binders, and 42% required phosphate supplementation of the
dialysate to prevent hypophosphatemial.

Our patient’s FGF-23 levels were very low for a dialysis patient. As phosphate has a large
volume of distribution, and equilibration between the intracellular and extracellular
compartments is slow, increased phosphate removal from the body may not result in lower
serum phosphate levels. However, circulating levels of FGF-23, a key regulator of phosphate
metabolism, may better reflect total body phosphate burden#15, Indeed, in a study of short
daily vs. conventional hemodialysis, although serum phosphate levels were similar between
the two groups, the short daily hemodialysis group had significantly lower levels of carboxy-
terminal FGF-23 (823 vs. 2521 RU/mL), likely secondary to increased phosphate removall®.
Similarly, our patient’s markedly low FGF-23 levels likely reflected total body phosphate
deficiency. After phosphate was added to the dialysate, the FGF-23 levels increased; notably,
the concentration of intact (biologically active) FGF-23 tripled. Whereas oral phosphate
loading increases circulating FGF-23 levels®, acute intravenous phosphate infusion does
not’. Here, we demonstrate that chronic phosphate loading via the dialysate affects FGF-23
levels.

Although the development of hypophosphatemia, and the need to add phosphate to the
dialysate, has been described in frequent hemodialysis patients'18.19, the specific skeletal
consequences have not been defined. The present case illustrates the utility of bone biopsy in
such patients in order to define the long-term consequences. The addition of Fleet® enema
solution stably increases the dialysate phosphate concentration, without affecting the
concentrations of other dialysate solutes2®. Furthermore, no bacteria or endotoxin have been
detected in samples of Fleet®-enriched dialysate?0. As such, this simple intervention may
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safely be able to maintain normophosphatemia in patients on extended-hours hemodialysis,
and would be especially beneficial for patients with biopsy-proven osteomalacia.
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month time point. Phosphate was added to the dialysate just after the 3-month time point
(dotted vertical line), and repeat bone biopsy was performed at the 25-month time point. (A)
phosphate (solid line), C(arboxy)-terminal (total) fibroblast growth factor 23 (FGF-23)
(long-dashed line), intact (bioactive) FGF-23 (short-dashed line); (B) calcium (solid line)
and intact parathyroid hormone (PTH) (dashed line); (C) alkaline phosphatase; (D) 25-
hydroxyvitamin D (25(OH) vitamin D) (solid line) and 1,25-dihydroxyvitamin D
(1,25(0OH)5 vitamin D) (dashed line).
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Table 1

Bone histomorphometry before and after addition of phosphate to the dialysate

Histologic variable

Reference range?

Before treatment

After treatment

Bone volume/tissue volume (%) 21.8+7.2 29.0 38.3
Osteoid volume/bone volume (%) 16+1.9 35.4 479
Osteoid surface/bone surface (%) 92+84 83.4 76.5
Osteoid thickness (um) 10.8+3.2 27.3 29.2
Bone formation rate/bone surface (um?mm?2/day) 252+10.8 0 14.1
Mineralizing surface/bone surface (%) 12.0+5.0 0 33
Mineral apposition rate (um/day) 0.7+0.1 0 11
Adjusted apposition rate (um/day) 05+0.2 0 0.1
Mineralization lag time (days) 23.7+27 o] 577.5

amean + SD for adult females.
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