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Abstract
Background

Tenofovir disoproxil fumarate (TDF) is classified as a nucleoside reverse transcriptase inhibitor
(NRTI). TDF is integral to several first-line treatment regimens for HIV and post-exposure
prophylaxis. This case details an example of severe tenofovir-induced osteopaenia. We hope to
raise awareness of this side effect so that it may be screened for more effectively and to provide
an approach to management in secondary care.

Case report

We present the case of an HIV-positive, 52-year-old woman who had been on TDF treatment
for over ten years. She presented complaining of progressively worsening weakness, bone
pain and immobility and sustained spontaneous fractures of multiple long bones. Tenofovir-
induced hypophosphaetemic osteomalacia and osteopaenia was diagnosed based on clinical,
radiographic and laboratory findings.

Discussion

The patient was successfully treated through the fixation of her long bone fractures with
intramedullary nails and prophylactic nailing of the remaining long bones in her lower extremities.
She received calcium and phosphate supplementation, and the causative agent was stopped.

Conclusion

HIV-positive patients on TDF should be screened routinely for renal function, and symptoms
such as bone pain should not be ignored. Cessation of the causative agent and correct
supplementation are critical adjuncts to surgical intervention for improved outcomes in these
patients. In cases of severe osteopaenia, orthopaedic surgeons should consider prophylactic
fixation of long bones and use intramedullary fixation where possible.

Level of evidence: Level XX
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Background

Complications and morbidity in patients infected with HIV may
arise from the disease itself or as side effects of the antiretroviral
(ARV) agents used to treat it. Many first-line treatment regimens
for HIV and post-exposure prophylaxis include tenofovir disoproxil
fumarate (TDF) as the primary nucleoside reverse transcriptase
inhibitor (NRTI).

Osteopaenia is a common complication of TDF use, with a
frequency of up to 60.4% in some studies.! Other studies have
shown that loss of bone density following treatment with TDF may
be reversible if the drug is stopped.?

This case details an example of uncommonly severe TDF-
induced osteopaenia. Herein we present the case of a 52-year-
old woman who was HIV-positive and had been on TDF treatment
for over ten years. She presented complaining of progressively
worsening weakness, bone pain and immobility. Her bone quality,
unmonitored, progressively declined over a period of years while
she lived in a rural area and was not recognised until spontaneous
fractures occurred.

The patient was successfully treated through the fixation of her
long bone fractures with intramedullary nails and prophylactic
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nailing of the remaining long bones in her lower extremities.
She received calcium and phosphate supplementation, and the
causative agent was stopped.

Through appropriate screening, complications of ARV treatment,
such as TDF-induced osteopaenia and osteomalacia, can be
treated successfully with early intervention. Cessation of the
causative agent and correct supplementation are critical adjuncts
to surgical intervention for improved outcomes in these patients.

Case report

A 52-year-old female patient presented with a left femur fracture
following a low-energy fall from her bed. While she was being
positioned for an X-ray, she sustained an iatrogenic left tibia
fracture.

The patient was not a smoker and did not drink alcohol. She
had had three previous pregnancies delivered at term, was
post-menopausal, and was not on contraceptives or hormone
replacement therapy. She suffered from hypertension, diagnosed
15 years prior and well-controlled. Her HIV diagnosis was made ten
years earlier, for which she was promptly initiated on a fixed-dose
combination of ARVs. She was virally suppressed at presentation,
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Figure 1. Anteroposterior radiographs showing a segmental fracture of the left femur (b) and bilateral tibia insufficiency fractures (c, d) in a background of

severe diffuse osteopaenia (a—d)

with a viral load lower than the detectable limit. Notably, the patient
also had a history of pulmonary tuberculosis, diagnosed in 2014,
for which she had completed treatment.

On history taking, the patient reported a gradual onset of
weakness, myalgia, arthralgia and bone pain, primarily affecting her
lower back and pelvic girdle. These symptoms had started in 2015,
six years before her admission. Her condition had progressively
worsened without surveillance. She developed significant weight
loss, an unsteady gait, and finally, became unable to ambulate.

By the time of her presentation, she had been using a wheelchair
for four years (since 2017). Considering the patient’s history of
retroviral disease and the context of her main complaint, TDF-
induced osteopaenia and osteomalacia were suspected early
in the patient’'s workup. For this reason, TDF was stopped and
replaced with abacavir soon after her admission. Multiple myeloma
was ruled out based on negative investigations.

Investigations

On admission, radiographs demonstrated significant osteopaenia
and a pathological segmental fracture of the left femur. During
positioning for radiographs, the patient sustained an iatrogenic
left tibia fracture (Figure 1). A chest radiograph also suggested
osteopaenia, with beading of the costochondral junctions and
multiple old rib fractures. Spinal radiographs demonstrated
insufficiency fractures of numerous thoracic and lumbar vertebrae,
with lateral views of her spine showing biconcavity of the vertebrae,
suggestive of osteomalacia.

HIV viral load was lower than the detectable limit, with an
absolute CD4 of 402 cellss/mm?3. The patient was found to be
vitamin D deficient with a total 25-OH vitamin D of 25.7 nmol/L
(normal range: 50-125 nmol/L). This later improved to
44 .4 nmol/L following the initiation of weekly parenteral vitamin
D supplementation. Subclinical hyperthyroidism was diagnosed
based on a thyroid-stimulating hormone (TSH) level of less than
0.01 L mIU/L. Thyroxine (free T4) was 22.3 initially (which later
improved to 13.7 after initiation on carbimazole 5 mg PO daily).
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Parathyroid hormone (PTH) was elevated at 7.6 pmol/L (normal
range: 1.6-6.9 pmol/L). Twenty-four hour urine collection was done
to measure the patient’s urine phosphate, creatinine, calcium, and
respective ratios. The urine volume was 900 mL. Details of urine
and blood results are listed in Table I.

Differential diagnosis

Multiple myeloma was considered in the differential diagnosis
as many of her symptoms of bone pain, pathological fractures,
fatigue, anaemia and renal impairment were suggestive of multiple
myeloma. However, there were no radiographical features of
multiple lytic lesions, and the patient was hypocalcaemic. No
pronounced monoclonal peak was observed on serum protein
electrophoresis on serum plasmapheresis.

TDF-induced hypophosphataemic osteomalacia and osteo-
paenia was diagnosed based on the clinical, radiographic and
laboratory findings. The patient presented with hypophosphataemia,
vitamin D deficiency and renal impairment with an elevated
ALP, with multiple radiographs demonstrating critical features

Table I: Results of selected laboratory investigations

Investigation Patient value Normal range

Urine creatinine 3.8 mmol/L 2.5-8.2 mmol/L
Url.ne calcium:creatinine 012 0.02-0.93
ratio

Tubular resorption 061 0.82-0.95
phosphate

TmP/GFR ratio 0.34 0.88-1.42
dU creatinine 3 mmol/24 hr 5—-16 mmol/24 hr

0.40 mmol/24 hr 2.5-7.5 mmol/24 hr
7.04 mmol/24 hr  12.9-42.0 mmol/24 hr
23.1 mL/min 58—-108 mmol/24 hr

TmP: tubular maximum reabsorption of phosphate; GFR: glomerular filtration rate;
dU: timed urine collection

dU calcium
dU inorganic phosphate

Creatinine clearance
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Figure 2. Anteroposterior postoperative radiographs showing (a), cement and plate-augmented cephalomedullary nail to the left femur (b), and bilateral tibial

nails (c, d) prophylactic cephalomedullary nail to the right femur

of osteomalacia and osteopaenia. The diagnosis was further
supported by a whole-body bone scan, which confirmed increased
bone turnover in keeping with osteomalacia. Furthermore, absent
renal uptake was suggestive of significant renal impairment.
Unfortunately, a DEXA scan could not be done on this patient as
adequate positioning was not possible due to her fragility.

Treatment

The patient was promptly referred to endocrinology for co-
management and started on calcium, vitamin D and intravenous
phosphate supplementation. She consented to left femur and
left tibia internal fixation with intramedullary nails, which were
technically challenging due to the severe osteopaenia.

Two days postoperatively, the patient fractured the contralateral
tibia while mobilising in bed. The patient was again taken to theatre,
the fracture reduced, and an intramedullary nail inserted for her
right tibia, while a prophylactic intramedullary nail was inserted for
her right femur (Figure 2).

Outcome and follow-up

The patient’s ARV regimen was changed, with abacavir prescribed
in place of TDF. Patients receiving abacavir have been found to
have a lower risk of developing hypocalcemia and less significant
BMD loss than patients receiving TDF.34

She was discharged on carbimazole, atenolol and amlodipine to
treat her existing comorbidities of hypertension and hyperthyroidism
and received supplementary calcium, phosphate and vitamin D.
Her levels showed improvement by the time of discharge.

The patient was assisted postoperatively with gentle bed
mobilisation and, at the time of discharge, was sent home in a
wheelchair for slow mobilisation, as advised by her physiotherapists.
Early mobilisation has been shown to improve functional outcomes
with increased walking distance, decreased pain and shorter
lengths of stay among orthopaedic patients after surgery.®

Discussion

TDF is classified as a nucleoside reverse transcriptase inhibitor
(NRTI). NRTIs prevent the replication of retroviruses by inhibiting
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viral reverse transcriptase, thereby terminating the chain of viral
DNA synthesis.

Current regimens by the International Antiretroviral Society (IAS)
advise that first-line treatment be composed of two NRTIs, and
one NNRTI (non-nucleotide reverse transcriptase inhibitor). As
per these guidelines, TDF is integral to several first-line treatment
regimens and for post-exposure prophylaxis.®

TDF has, in many cases, been linked to an increased bone
turnover and substantial loss of bone mineral density (BMD). The
incidence of osteopaenia was found to be 1-3% greater in TDF
use compared to other ARVs. A longitudinal study conducted in
Japan suggested the risk of osteopaenic fractures is increased in
relation to the duration of treatment, with increased risk in those
receiving treatment for more than five years.” The patient in this
case study had been on TDF for at least six years. Patients with
osteomalacia typically present with weakness, bone pain and
insufficiency fractures most commonly involving the spine and
metaphyses of long bones.

This case was orthopaedically complex as the bone quality was
so poor that there was a concern of peri-prosthetic fractures and
implant failure. The principle of fixation was to span the entire length
of the bone and use an intramedullary device where possible. A
fundamental principle is to prophylactically fix the femoral neck, a
potential stress riser around an orthopaedic femoral implant. Given
the extremely low energy required to fracture the femur and the
tibia, the decision was made to prophylactically fixate all the long
bones of the lower limb. During reaming of the intramedullary canal,
care was taken to use a slightly curved olive-tipped guidewire to
direct the reamer away from the cortex. Reaming was performed
under fluoroscopic control to avoid perforation of the cortex, which
would have been easy in this case. The femoral head lag screw
was augmented with injectable cement to improve the implant’s
hold in this very soft bone.

This patient also suffered from a substantial vitamin D deficiency,
which in some studies has been associated with the use of TDF in
conjunction with other ARVs such as emtricitabine. Regarding this,
the patient was already more susceptible to vitamin D deficiency
than the general population; factors such as her advanced age and
low BMI are likely to have increased her risk.
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Other general risk factors associated with vitamin D deficiency
include male sex, lower latitudes and ARV therapy.® Suboptimal
vitamin D levels, such as those measured in this patient, have
been found to increase the risk of secondary hyperparathyroidism.
This would exacerbate the resorption of calcium from bone, further
contributing to the development of osteomalacia in such patients.®

Fanconi syndrome is a rare but known complication of TDF
contributing to the loss of BMD. TDF is primarily excreted renally
and excreted unchanged. It has been noted to cause damage
to the proximal tubules, resulting in excess excretion of calcium
and phosphates in the urine. Management of Fanconi syndrome
typically entails replacing lost minerals through supplements.®

TDF’s mechanism of impact on BMD is complex and not yet
fully understood; however, this implies that it is not solely driven
by the renal excretion of calcium and phosphates. A recent study
has found that TDF inhibits the activity of human osteoblasts,
interfering with osteoblast function in bone mineralisation and
osteoblast differentiation. These effects were found to be dose
dependent."

Osteoclast formation is also stimulated as the secretion of
adenosine triphosphate is inhibited as a side effect of TDF, thus
leading to a decrease in extracellular adenosine levels, which
would typically inhibit osteoclast formation.'> The current patient’'s
bone scan was suggestive of osteomalacia, showing an increased
bone uptake in multiple areas. This implies that a similar process
was at work in our patient.

The gold standard for diagnosing osteomalacia is a bone biopsy
of the iliac crest. Visualised under fluorescence microscopy via
tetracycline administration, it labels the bone through its binding
to hydroxyapatite.’® Unfortunately, this investigation was declined
by the patient.

The role of HIV clinics in identifying complications

The Centers for Disease Control and Prevention (CDC) provide
well-outlined guidelines for the routine screening, treatment and
monitoring of HIV infection, as follows:

A full blood count and comprehensive metabolic profile should
be done every three to six months.

* Newly diagnosed HIV patients must be screened for renal
disease. Baseline renal function is assessed through urinalysis,
creatinine clearance and glomerular filtration rate. Screening
must be done at the time of diagnosis and then biannually.

+ Afull lipogram is advised to be done annually.

* In patients older than 50 years, attending clinicians should
consider dual-energy X-ray absorptiometry (DEXA) scan.

Patient adherence to ARV therapy should be addressed at every
point of care. Poor compliance is often multifactorial, ranging from
social, financial, behavioural, neuropsychiatric and side-effect
related issues.™

What orthopaedic surgeons need to know about
ARVs

Currently, recommended regimens typically consist of one NNRTI
or a protease inhibitor (Pl) and two NRTIs,” with TDF, an NRTI,
forming the backbone of many of these regimens.

HIV-infected patients more commonly present with osteopaenia,
osteoporosis and vitamin D deficiency compared to uninfected
patients.”® Among HIV-infected individuals, the approximate
frequency of osteopaenia and osteoporosis is 44% and 13%,
respectively.'”

If a pathological fracture is encountered in a patient on ARVs,
consider an endocrine workup, a DEXA scan and radiographs of
weight-bearing or symptomatic long bones to assess potential
fractures.
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Orthopaedic surgeons should consider prophylactic fixation of
long bones and use intramedullary fixation where possible. Always
try to use an antegrade femoral nail and protect the femoral
neck. Supplementary distal plating may be required in distal
femur fractures. If there has been a very low energy fracture,
then have a low threshold for prophylactic intramedullary fixation.
Aim to stage procedures by two to three weeks. Multiple bone
intramedullary nailing poses a high risk of blood loss and release
of proinflammatory mediators such as IL-6, IL-10 and TNF-alpha.

At discharge, give vitamin D and calcium supplementation, and
highlight the need to review ARV medications.

Conclusion

This case study demonstrates the far-reaching and debilitating
effect of unmonitored TDF-induced osteomalacia and osteopaenia.
While the mechanisms of pathophysiology are not yet fully
understood, the presentation of this case, in conjunction with the
available literature, suggests that the process is multifactorial and
exacerbated by existing risk factors and comorbidities.

Patients on TDF must be screened for additional comorbidities
and risk factors, especially concerning renal function, in order to
amend their ARV regimen accordingly. Those with pathological
fractures should be considered for endocrine workup, radiographs
and a DEXA scan. It is advisable to use intramedullary fixation
where possible.
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