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Short-cut diagnostic tool in cystinosis: Bone marrow aspiration
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Abstract

Background: Cystinosis is a rare metabolic genetic disorder caused by a mutation in cystinosin lysosomal cystine
transporter (CTNS). The diagnosis of nephropathic cystinosis (NC) is made by observing corneal cystine crystals
and/or measuring the cystine content of leukocytes. CTNS mutation analysis confirms the diagnosis of cystinosis,
but leukocyte cystine measurement and CTNS analysis have not been widely available, and cystine crystals in the
cornea may not be apparent in the first months of life. Cystine crystal deposition can be seen in the bone marrow
earlier than corneal deposition, in patients with NC.
Methods: Ten patients with cystinosis diagnosis were enrolled in the study. Medical records were reviewed retrospectively to collect demographic and clinical data such as age at diagnosis, disease presentation, parental consanguinity, family history, corneal cystine deposition, leukocyte cystine level, bone marrow cystine deposition,
presence of renal failure, follow-up time and prognosis.
Results: Cystine crystals were seen in all of the patients’ fresh bone marrow aspiration samples. Eight patients had
corneal cystine deposition. Leukocyte cystine measurement could have been performed in four patients who had
come from another center. Complications such as pulmonary hypertension and idiopathic intracranial hypertension
(IIH) were observed in two patients.
Conclusions: Bone marrow aspiration might be an easy and short-cut diagnostic tool for NC especially when it is
not possible to measure fibroblast cystine content. Additionally some rare complications such as pulmonary hypertension and IIH can be encountered during the course of NC.
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Cystinosis is a rare autosomal–recessive lysosomal storage
disease with an incidence of 0.5–1.0 per 100 000 live
births. Three clinical forms with somewhat overlapping phenotypes are recognized. The most severe and frequent form,
affecting 95% of patients, is termed infantile nephropathic
cystinosis (NC) (OMIM 219800); patients generally develop
clinical symptoms related to renal Fanconi syndrome during
the first year of life. Juvenile or late-onset NC (OMIM
219900) is usually diagnosed later in childhood or during
adolescence. In this phenotype, patients present with milder
forms of renal Fanconi syndrome or with isolated proteinuria. Finally the ocular or adult form (OMIM 219750) is
characterized by isolated symptoms related to corneal
cystine crystal deposition and is rarely diagnosed before
adulthood.1,2
The diagnosis can be made by measuring cystine in white
blood cells (WBC), which will be above the upper limit of the
normal for carriers of a cystinosin lysosomal cystine transporter (CTNS) mutation (>1 nmol cystine/mg protein). CTNS
analysis confirms the diagnosis of cystinosis. Corneal cystine
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crystals can be seen by an experienced ophthalmologist in
most children aged >12 months and are always present in
patients aged >18 months.3 In recent decades, NC prognosis
has considerably improved due to the introduction of treatment
with 2-mercaptoethylamine, or cysteamine, which allows
cystine clearance from the lysosomal compartment.2,4–6 Cysteamine treatment has considerably improved renal survival,
as well as symptoms related to cystine accumulation in other
organs,7–10 therefore early diagnosis and treatment are important for long-term prognosis. As a limitation, however, leukocyte cystine measurement and CTNS mutation analysis are not
readily available in most laboratories. In this study, we review
and report on the clinical features of 10 patients with NC initially diagnosed by bone marrow aspiration at the present
clinic.

Methods
Ten patients (seven boys, three girls) with NC who were followed at the present institution from 2004 to 2016 were
enrolled in the study. In all patients the diagnosis was made
on detection of cystine crystals in bone marrow aspiration
upon clinical and laboratory suspicion of NC. We performed
bone marrow aspiration from the posterior superior iliac spine
in patients >12 months of age, and from the anterior tibia for
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patients <12 months of age. Ketamine was used for premedication. Without stain, fresh bone marrow aspirates were evaluated for cystine crystals under light microscopy in a few
minutes after aspiration. Medical records were reviewed retrospectively to collect demographic and clinical data such as
age at diagnosis, disease presentation, parental consanguinity,
family history, corneal cystine deposition, leukocyte cystine
level, bone marrow cystine deposition, presence of renal failure, follow-up time and prognosis. Pulmonary hypertension
was diagnosed on mean pulmonary artery pressure >25 mmHg
at rest. Idiopathic intracranial hypertension (IIH) was diagnosed on cerebrospinal fluid (CSF) opening pressure >200
mmH2O on lumbar puncture with normal cranial magnetic resonance imaging (MRI).

Results
Median age at diagnosis was 32.7 months (range, 3–
96 months; Table 1). Nine had parental consanguinity and
positive family history for NC. Eight patients had corneal
cystine deposition. Leukocyte cystine measurement could
have been performed in four patients who had come from
another center, given that the test was not available at the
present center. Bone marrow aspiration was performed in all
patients and under light microscopy, colorless, hexagonal
cystine crystals of varying size were seen in all fresh bone
marrow aspiration samples (Fig. 1). We did not observe a
correlation between the amount of cystine deposits in bone
marrow and age or disease severity. Median follow-up time
was 48.5 months (range, 6–132 months). Three patients had
renal failure. Median age at renal failure was 70 months
(range, 29–96 months). Cysteamine was given to all patients
when cystinosis diagnosis was made. Cysteamine eye drops
were initiated in the patients who had corneal cystine deposition. Other treatments received were thyroxin, indomethacin,
potassium citrate, calcitriol, sodium hydrogen carbonate and
phosphate with Joule’s solution. In the patients who developed chronic renal failure (patients 3–5) compliance with
therapy was poor. Patient 5 had diplopia and papilledema
during follow up at 69 months of age. CSF opening pressure
was >200 mmH2O with normal CSF biochemistry. Cranial
MRI and venography were normal. Thus this patient was
diagnosed with IIH. He died due to severe acidosis, chronic
renal failure and cardiac arrhythmia. Patient 3 died of cardiac
and hepatic failure. Patient 4 had been followed up in other
center for Fanconi syndrome at 2–7 years of age. He was
admitted to the present hospital at 8 years of age, with
chronic kidney failure. Cystinosis diagnosis was made on
corneal cystine deposition and bone marrow aspiration, and
cysteamine was initiated at the same time. He was diagnosed
with dilated cardiomyopathy at 10 years of age and received
digoxin, diuretics and carnitine therapy. At the age of 15 he
was admitted to hospital with coughing and respiratory distress. On echocardiography, pulmonary artery wedge pressure
was 85 mmHg. He was diagnosed with pulmonary hypertension and started on bosentan. One year after initiation of

bosentan, symptoms completely disappeared and pulmonary
artery wedge pressure decreased on echocardiography.

Discussion
Here we present the cases of 10 patients with NC who were
diagnosed on cystine deposition in bone marrow aspiration.
There are only 12 reported cases of bone marrow involvement
in NC.11–22 NC diagnosis is made on the observation of corneal cystine crystals and/or measurement of the cystine content of leukocytes,2 but typical crystals in the bone marrow
are diagnostic.22 The diagnosis can be confirmed on genetic
analysis, but leukocyte cystine measurement and, CTNS analysis are not widely available. Early diagnosis and treatment can
delay kidney function impairment and other complications secondary to deposition of cystine crystals in various tissues.22 In
the present case series, typical hexagonal cystine crystals were
observed on bone marrow aspirate smear in all patients, and
cysteamine therapy initiated. Leukocyte cystine could have
been performed in only four patients from another center.
Based on our experience in NC patients, we consider that
bone marrow aspiration is a reasonably easy, useful and early
diagnostic method, especially in the settings where leukocyte
cystine measurement is not possible.
In the literature, the youngest patient to have cystine crystals on bone marrow aspiration was 4 months of age.15 In the
present series we detected cystine crystals in the bone marrow
aspirate of a 3-month-old patient. No study in the literature
has carried out simultaneous leukocyte cystine measurement
and bone marrow aspiration for NC diagnosis, therefore we
have no information on the time of cystine crystal accumulation in the bone marrow. We think, however, that it occurs
earlier than cystine deposition in the eye, given the presence
of cystine crystals in two patients’ bone marrow aspirate
smears (patients 9,10) and lack of corneal cystine deposition.
Cystine crystals in the cornea may not appear in the first
months of life, but are always present by 18 months of age.2
Abdulsalam et al. reported on a 4-year-old boy with pallor,
visual problems and recurrent multiple bilateral renal stones
and pancytopenia. Bone marrow aspiration showed numerous
clear cystine crystals, apparently free and within macrophages,
and cystinosis diagnosis was made.16 In a 1"-year-old boy presenting with growth failure, polyuria and polydipsia, bone
marrow aspiration indicated increased numbers of macrophages containing polygonal crystals.22 Cystinosis diagnosis
was made on these findings and on the observation of corneal
cystine crystals. We observed hexagonal free cystine crystals
of varying size in fresh bone marrow aspiration samples for in
all patients. We did not use stain for aspirates, and evaluated
them in a few minutes immediately after bone marrow aspiration because cystine crystals can dissolve rapidly.
Bone marrow aspiration is more invasive compared with
leukocyte cystine measurement or observation of corneal
cystine deposition. When it is not possible to perform leukocyte cystine measurement or the child is younger than
12 months of age (given that corneal cystine deposition was
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Fig. 1 Cystine crystals in bone marrow (patient 10).
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seen in children older than 12 months), we suggest bone marrow aspiration as a diagnostic tool for cystinosis.
Through cystine deposition, NC affects various organs.
Myocardial cystine deposition has been reported in the literature.23–25 There is also a report of cardiomyopathy caused by
cystinosis and dissecting aortic aneurysm in a 7-year-old
boy.26 There are four NC case reports associated with coronary artery dilatation.27 The myocardium and vessels can be
affected by long-standing hypertension, uremia, altered calcium–phosphorus metabolism due to renal osteodystrophy,
large arteriovenous fistulae, renal transplantation, drugs and
infection,25 but the association between NC and coronary
artery dilatation has not been clarified as yet. Patient 4 had
pulmonary hypertension during follow up. He was diagnosed
with dilated cardiomyopathy at 10 years of age, and received
digoxin, diuretics and carnitine. At the age of 15 he was
admitted to hospital because of coughing and respiratory distress. Clinical examination indicated crackling rales at the base
of the right lung, I/VI degree systolic murmur and hepatosplenomegaly. There were no finding of congestion or infiltration on chest X-ray. Echocardiography indicated pulmonary
artery wedge pressure 85 mmHg. He was diagnosed with pulmonary hypertension and started on bosentan. One year after
initiation of bosentan, the symptoms had completely disappeared. Pulmonary artery wedge pressure was 80 mmHg on
echocardiography. To our knowledge this is the first case of
NC associated with pulmonary hypertension and which
improved with bosentan. We think that cardiomyopathy might
have developed secondary to cystine deposition in myocardial
cells, and that this may have been the underlying reason for
development of pulmonary hypertension in the long term.
Although there is evidence of central nervous system dysfunction late in the course of cystinosis,28–33 cerebral involvement is not a common feature of the disease.34 So far eight
cases of IIH associated with cystinosis have been reported.34
IIH, also known as pseudotumor cerebri or benign intracranial
hypertension, is the diagnostic term used for the syndrome
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defined by the modified Dandy criteria.35 Whereas headache is
the most common symptom of IIH, transient visual obscurations, pulsatile intracranial noises, and diplopia also can be
present.36 Papilledema can be seen with IIH. In the present
series we also encountered this relatively rare complication of
cycstinosis. Patient 5 developed diplopia during follow up. He
had received levothyroxine, potassium citrate, potassium carbonate, calcitriol, magnesium hydroxide, cysteamine, calcium
diacetate and Shohl’s solution. His serum creatinine was
4 mg/dL. Neurological examination was normal except for
papilledema. Cranial MRI and venography were normal. CSF
opening pressure was >200 mmH2O with normal CSF composition, therefore he was diagnosed with IIH. After treatment
with furosemide and repeated lumbar punctures, papilledema
resolved. The patient died, however, due to severe acidosis,
chronic renal failure and cardiac arrhythmia. Several reports
have suggested that prednisone, growth hormone, cyclosporine, oral contraceptives, vitamin D, and levothyroxine are risk
factors for IIH.37–43 Certain complications of cystinosis, such
as renal glomerular damage, could predispose to IIH.44,45
Blockage of CSF resorption at the level of the arachnoid villi
may represent the cause of IIH in cystinosis patients.34 Postmortem observations have led to the conclusion that hydrocephalus results from abnormal secretion of CSF by an
infiltrated choroid plexus.28 We think the present patient
developed IIH due to drug treatment (levothyroxine, vitamin
D). Also, the renal failure could have contributed to the development of IIH. We could not perform postmortem examination, but cystine accumulation in the choroid plexus might
also have led to blockage of CSF resorption. This rare complication must be kept in mind when diplopia and papilledema
develop in a patient with NC.
In conclusion, bone marrow aspiration is a simple and
cheap method for the early diagnosis of NC, especially in clinical settings where more sophisticated genetic tests are
unavailable. Additionally, some rare complications such as IIH
and pulmonary hypertension may be seen in patients with NC
in the long term, with specific symptoms.
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