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Objective: The purpose of this study was to investigate the
prevalence of peripheral neuropathy in patients with b-
thalassaemia.
Methods: Thirty six patients with a mean age of 29.2¡8.2
years and 17 healthy controls with a mean age of 27.6¡9.1
were included in this study. Measurements included the
neuropathy symptoms score (NSS), the neuropathy disability
score (NDS) as well as nerve conduction studies of two motor
(ulnar and peroneal) and two sensory (ulnar and sural)
nerves of the right limbs.
Results: A mainly sensory axonal polyneuropathy was
present in 19 out of 36 patients (52.7%). Eight out of these
19 patients also had abnormal NDS values. The neuropathy
correlated significantly with the age of the patients and the
hematocrit. However, it did not correlate with the presence of
antibodies against HCV, the ferritin levels, or with a history of
transfusions, desferrioxamine treatment, or splenectomy.
Conclusions: This study showed a high prevalence of a
predominantly sensory neuropathy in patients with b-
thalassaemia. The electrophysiological data suggest that the
underlying pathology is an axonopathy. Chronic hypoxia of
the nerves resulting from severe anaemia may contribute to
the pathogenesis of this neuropathy.

T
halassaemia comprises a heterogeneous group of heredi-
tary disorders characterised by a decrease in the
production of one or more globin chains. Multiple

complications can result from chronic anaemia on one hand
to transfusion related haemosiderosis on the other. The
peripheral nervous system, however, is rarely affected.
Myopathic syndromes1–3 and peripheral neuropathy have
been reported.4–6 Desferrioxamine (DFO), used as chelation
therapy to reduce transfusion induced iron overload, can
cause ophthalmological disorders and high frequency
sensorineural hearing loss.7–9 Sensorimotor neurotoxicity,
associated with high dose DFO treatment has also been
reported.10

In this study we evaluated patients with b-thalassaemia
clinically and electrophysiologically, and investigated
whether factors such as age, clinical severity of thalassaemia
(homozygous b or intermedia), antibodies against hepatitis C
virus (HCV), ferritin levels, haematocrit (Ht), and history of
transfusions, splenectomy, or DFO treatment are associated
with abnormal findings.

PATIENTS AND METHODS
We examined a consecutive series of 36 patients with
thalassaemia (19 women, 17 men; mean age 29.2¡8.2 years,
range 16–58) followed up at two tertiary referral centres.

Patients with diabetes or other known possible causes of
neuropathy were excluded from the study. Thirty two had
homozygous b-thalassaemia and four b-thalassaemia inter-
media. All patients had normal vitamin B12, folic acid, and
serum protein electrophoresis and immunofixation. No
patient had clinical evidence of visual or auditory dysfunc-
tion. The control group consisted of 17 healthy individuals
(12 women, 5 men; mean age 27.6¡9.1 years, range 16–55).
In all patients the electrophysiological studies were

performed by the same investigator. Standard procedures
were used. Motor nerve conduction studies (NCS) of the right
ulnar and peroneal nerves were performed. Surface electrode
recordings were obtained from the abductor digiti minimi
and the extensor digitorum brevis. Antidromic sensory nerve
conduction studies of the right ulnar and sural nerves were
performed. Measurements were taken at temperatures of
32 C̊ and 29 C̊ for the upper and lower limbs, respectively.
Deviations of 2 standard deviations (SD) or more relative to
the mean values of the controls were considered abnormal.
The neuropathy was assessed clinically by the neuropathy

symptoms score (NSS) and the neuropathy disability score
(NDS).11 Serum ferritin levels were assessed at the same time.
The haematocrit used in the statistical analysis was the mean
of the last two bimonthly values before electrophysiological
studies. The patients were finally divided into groups
depending on history of DFO treatment, blood transfusions,
or splenectomy and on the presence or absence of antibodies
against HCV. The results were analysed statistically with the
two-sample t-test of unequal variance and the x2 test.

RESULTS
Nine out of 36 patients reported symptoms that could be
attributed to neuropathy such as numbness, tingling,
hyperpathia, cramps, muscular weakness, muscle tenderness,
and restless legs. In eight patients neurological signs of
neuropathy were demonstrated, such as reduction in vibra-
tion sense, hypoaesthesia of the feet, weakness of the
extensor digitorum brevis, and reduced knee and achillean
reflexes.
A total of 19 patients (52.7%) had pathological values in

the nerve conduction studies (table 1). The most frequent
abnormal finding was a reduction in the amplitude of the
sensory action potential (SAP) of the sural nerve followed by
a reduction in the amplitude of compound muscle action
potential (CMAP) of the peroneal nerve. Further statistical
analysis revealed a significant reduction in the amplitude of
the SAP of the sural nerve (patients 17.25¡7.81, controls
24.40¡6.10, p,0.01), the amplitude of the CMAP (patients

Abbreviations: CMAP, compound muscle action potential; DFO,
desferrioxamine; Ht, haematocrit; NCS, nerve conduction studies; NDS,
neuropathy disability score; ns, not significant; NSS, neuropathy
symptoms score; SAP, sensory action potential; SD, standard deviation
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9.79¡2.53, controls 7.92¡1.88, p,0.01) and the motor
velocity of the ulnar nerve (patients 59.29¡3.61, controls
61.72¡3.59, p,0.05), a prolonged distal motor latency of the
ulnar nerve (patients 2.50¡0.36, controls 2.15¡0.33,
p,0.01). A reduction in the amplitude of the SAP of the
same nerve showed a tendency toward statistical significance
(patients 36.47¡13.39, controls 47.37¡14.43, p,0.1).
Results of the NCS were further correlated with other

clinical parameters. Statistical analysis showed that abnor-
mal findings were more frequent in patients more than 20
years old (21–30: 12/21 patients with abnormal NCS, p,0.05,
31–40: 4/8 with abnormal NCS, p,0.1, 41–58: 3/3 with
abnormal NCS, p,0.01) compared with patients less than 20
years old (0/4 with abnormal NCS); in patients with Ht less
than 30 (Ht,30: 15/24 with abnormal NCS, Ht.30: 4/12 with
abnormal NCS, p,0.01); and in patients with abnormal NDS
(abnormal NDS: 8/8 with abnormal NCS, normal NDS: 11/28
with abnormal NCS, p,0.01). On the other hand, patients
with a history of transfusions, DFO administration, or
splenectomy were equally likely to have abnormal electro-
physiological results as those with no such history (transfu-
sion history: 14/28 with abnormal NCS, no transfusion
history: 5/8 with abnormal NCS, x2=0.37 not significant
(ns); receiving DFO: 15/28 with abnormal NCS, not receiving
DFO: 4/8 with abnormal NCS, x2=0.02 ns; splenectomy: 12/9
with abnormal NCS, no splenectomy: 7/17 with abnormal
NCS, x2=1.76 ns). The clinical severity of the disease
(intermediate or major) did not appear to correlate with the
frequency of abnormal findings (homozygous-b: 17/32 with
abnormal NCS, intermedia: 2/4 with abnormal NCS,
x2=0.01 ns). Furthermore, the presence of antibodies
against HCV or the presence of neuropathy symptoms was
not associated with a significant increase in the frequency of
pathological NCS (HCV(+): 4/7 with abnormal NCS,
HCV(2):15/29 with abnormal NCS, x2=0.05 ns; abnormal
NSS: 5/9 with abnormal NCS, normal NSS: 14/27 with
abnormal NCS, x2=0.03 ns). Patients with normal NCS had
a mean¡SD value of ferritin of 2054.1¡1876 and those with
abnormal studies 2426.5¡2355 (t-test=0.52 ns).

DISCUSSION
The NCS in the present report demonstrated that more than
half of the patients with b-thalassaemia (52.7%) have
evidence of a polyneuropathy. In eight out of the 19 patients
with electrophysiologically established polyneuropathy, clin-
ical signs of neuropathy were also present. The findings, as
portrayed in table 1, suggest that the neuropathy is axonal
and primarily sensory. The neuropathy first affected the
lower limbs since pathological values were never limited to
the upper limbs of any patient.
It has been reported in previous studies that the prevalence

of polyneuropathy in patients with b-thalassaemia is much
lower than our results seem to suggest, ranging from 21% to
25%.4–6 This difference could be attributed to the fact that the
patients in these studies were in the second decade of their
life, whereas our patients were mostly in the third and fourth
decades. The significant increase in neuropathy with age
observed in our study has also been demonstrated in a similar
Greek study in the past.4 In common with Papanastasiou et al,
we found a significant increase in the frequency of neuro-
pathy in patients with a low Ht and a lack of correlation with
ferritin levels, administration of DFO, splenectomy, and
transfusions. In addition, we found a lack of correlation of
neuropathy with presence of antibodies against HCV. Our
finding that severity of disease (homozygous v intermedia)
does not seem to correlate with the frequency of abnormal
findings is probably due to the fact that the average age of
patients with thalassaemia intermedia was greater than the

average age of the rest of our patients (37.0¡12.7 and
27.8¡6.5, respectively).

A further interesting finding was that electrophysiologi-
cally established neuropathy correlated statistically with the
presence of clinical signs of neuropathy, but not with the
presence of clinical symptoms. It is possible that nerve
hypoxia may lead to symptoms such as numbness, tingling,
or cramps without causing any neural tissue damage.
Levine et al10 suggested that DFO can cause sensorimotor

neurotoxicity in high doses. They reported two such cases.
One patient had asymmetrical neuropathy of the upper limbs
with electrophysiological examination showing a radiculo-
pathy and the second patient who was diabetic developed a
polyneuropathy. In both cases the neuropathy might not
have been due to the administration of DFO.
Wong et al5 also attributed the subclinical neuropathy of

their patients (seven out of 34 had pathological sensory
conduction velocity of whom three had diabetes) to the long
use of DFO but a statistically significant correlation with the
dosage of DFO or the duration of its administration was not
found. These findings cannot support the view that neuro-
pathy in patients with b-thalassaemia is due to toxicity of
DFO.
The role of chronic ischaemia in the development of

neuropathy has been demonstrated both in experimental
studies and in clinical situations where ischaemia or hypoxia
is present. The nerve ischaemia usually results in axonal
damage. The large sensory myelinated fibres seem to be more
severely affected.12 A high frequency of axonal neuropathy
has been found in patients with chronic obstructive
pulmonary disease, significantly higher in hypoxic groups.13–16

A mainly sensory axonal neuropathy probably due to the
endoneural ischaemia, has been found in polycythemia
rubra vera,17 18 peripheral arterial disease19–22 and hereditary
disorders of haemostasis.23 In accordance with the above, the
predominantly sensory axonal polyneuropathy found in our
patients could also be attributed to chronic hypoxia of the
nerves resulting from longstanding anaemia. The higher
prevalence of neuropathy in older patients and in patients
with a low Ht is in agreement with this hypothesis.
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