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Abstract

Aim and Objective: The study was carried out to document the pattern of neurological complications seen in
patients with chronic myeloid leukemia who were managed at the University of llorin Teaching Hospital, llorin
and compare with previous reports from other parts of Nigeria and elsewhere.

Materials and Methods: A ten year retrospective analysis of all cases of CML managed at the study centre
between January 2006 and December 2015 was carried out. Case folders of all patients diagnosed with CML
during the study period, and the Malignancy registers of the Haematology department were retrieved and
analyzed. Relevant information retrieved included age, gender, clinical features at presentation, laboratory
investigations, treatment regimen, and survival outcome among others.

Results: Thirty six (36) patients were diagnosed with CML during the study period. There were 21 (58.3%)
males and 15 (41.7%) females, giving a male: female ratio of 1.4:1.The mean age of the patients at diagnosis was
37.5 years (range, 11-75 years). Nine (25%b) patients presented with various forms of neurological complications
and the mean WBC count in them was 383.2 x 10°L (280.5 — 601.0 x 10%L). Auditory complications were the
commonest neurological deficits found in 6(66.7%) of the 9 patients with neurological manifestations.
Conclusion: The neurological complications recorded in this study were similar to those reported in previous
studies from Nigeria and other countries. These complications need to be looked for at presentation and
adequately characterized as their presence could significantly influence the prognosis of the disease and decisions
on management modalities.
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Introductio

Chronic

myeloid

n The worldwide annual incidence of CML has been
estimated at approximately 10 cases/million population,

a clonal with a median age of occurrence of 50-65 years in the

leukemia (CML) s

myeloproliferative disorder of the pluripotent stem cells
in the bone marrow and is characterized by uncontrolled
proliferation of myeloid progenitor cells thereby leading
to accumulation of myeloid cells at various stages of
differentiation in both marrow and peripheral blood 2.
More than half of patients with CML are often
discovered accidentally from routine full blood count
examination for other unrelated ailments which then
reveal markedly elevated white blood cell count; or
when an enlarged spleen and/or hepatomegaly is found
on abdominal examination.
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Western world® 4. In Nigeria, age range of 12-74 years
with a median of 38 years had been reported 5.

Chronic myeloid leukemia is associated with a specific
cytogenetic  abnormality, the Philadelphia (Ph)
chromosome which was first described by Peter C.
Nowell and David Hungerford in the blood and bone
marrow cells of patients with CML in 1960 6. The Ph
chromosome, t (9;22) (q34;pll), is formed from a
reciprocal translocation with juxtaposition of genetic
materials between the long arms of chromosomes 9 and
22. The Abelson (Abl) oncogene on chromosome 9
becomes translocated to the Break point cluster (Bcr)
region on chromosome 22 to form the Bcr/Abl chimeric
gene. The BCR-ABL gene encodes a protein with
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deregulated tyrosine kinase activity which then causes
uncontrolled production of myeloid cells in the bone
marrow and their accumulation in the peripheral blood.
The normal production of other cellular elements such as
red blood cells and platelets in the marrow is also
suppressed by the myeloid hyperplasia, and the
infiltration of certain organs in the body by the myeloid
cells gives rise to some of the presenting features of
CML 24,

Hyperleucocytosis (white blood cell count >100 x 10%/L)
which is present in many CML patients causes increased
blood viscosity with impairment of blood flow in the
microcirculation (leucostasis) causing vascular occlusion
thereby resulting in ischaemia, haemorrhage and oedema
of the involved organs 7. About 15-25% of patients with
CML have been reported to present with clinically
significant morbidity and mortality from leukaemic
hyperleucocytosis and leucostasis 478° Neurological
complications of CML are said to be rare and are
responsive to cytoreductive therapy with Hydroxyurea,
Busulphan, Imatinib mesylate and leukapheresis 4.

The complications which have been reported in CML
patients due to hyperleucocytosis and leucostasis include
central nervous system (CNS) involvement — (dizziness,
slurring of speech, aphasia, delirium, stupor , intracranial
haemorrhage), Visual involvement — (visual blurring,
papilloedema, diplopia, retinal haemorrhage, blindness),
Ear involvement — (tinnitus, partial hearing loss,
complete deafnes)s, and Penile involvement — (priapsm),
and gait abnormalities — (ataxia, paresis, paraplegia) ’.

Hearing impairment or loss had been reported as the
most common neurological complications associated
with CML 710111213 Sanyaolu et al 1% in Ile-Ife, Nigeria
reported that 69.2% of CML patients in their study had
bilateral hearing impairment, while 30.8% had unilateral
hearing loss. Onwukeme et al * in Jos, Nigeria also
reported sensori-neural hearing impairment in 5(50%) of
the 10 CML patients in their study. Several other studies
from within Nigeria and elsewhere have reported hearing
loss and impairment in patients with CML*710.13.15,

Ophthalmic complications such as visual blurring and
blindness alone or in combination with hearing loss or
other forms of sensori-neural deficits had been reported
in many studies 4767 Eze et al ® in Enugu, Nigeria
reported ophthalmic complications in 77.8% of adults
with leukaemia in their study, while Aken’Ova et al ¥/

reported blindness, deafness and paraplegia in a 16 year
old female CML patient seen at the University College
Hospital (UCH) in Ibadan, Nigeria.

Speech abnormalities such as dysarthria, slurring of
speech and aphasia although said to be rare
complications of CML or other myloproliferative
diseases have been reported by Janssen et al ‘8 and
Yeung et al °.

Priapsm was reported by several authors as a
complication of CML 2022223242526 The incidence of
priapsm was reported to be about 1-2% in male patients
with CML %, Tazi | 2! reported priapsm as the first
presenting feature in a 33 year old Morrocan man
diagnosed with CML. Also, Ocheni S et al 2° in Enugu,
Nigeria reported priapsm in 2 patients with CML in their
study.

Neuromuscular complications like ataxia, paresis and
paraplegia had also been reported in CML patients 1718

From literature search and review of previous studies or
reports which documented the various types of
neurological or sensori-neural complications associated
with CML, there were several case reports, which
described specific types of neurological complications
41011121617 mentioned above but there was paucity of
studies which documented the pattern of the various
neurological complications in groups of CML patients.
Only two studies from Nigeria were found which
documented the pattern of sensori-neural complications
of CML in their study groups " 4. The main aim of this
study, therefore, was to review and document the pattern
of neurological complications found in CML patients
who were diagnosed and managed at the Department of
Haematology of University of llorin Teaching Hospital,
lorin, Nigeria over a ten year period and compare with
previous reports from within and outside Nigeria.

Material and Methods

This is a retrospective study of all cases of chronic
myeloid leukemia which were diagnosed and managed at
the Haematology Department of University of llorin
Teaching Hospital, lorin, Nigeria from 1% January 2006
to 31°t December 2015 inclusive.

The materials used for the study consisted of patients’
case folders and the Haematology Malignancy registers
from which pertinent information such as the bio-data,
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clinical features at presentation, laboratory investigation
results (peripheral blood and bone marrow report forms),
treatment regimen and outcome etc were retrieved and
recorded. All the patients included in this study had
peripheral blood counts and bone marrow aspiration
done in order to make the diagnosis of CML. All the
bone marrow and peripheral blood films were prepared
using standard haematology procedures described by
Dacie and Lewis ?’. The final diagnosis was arrived at by
consensus among the Consultants and Senior Residents
in the Department. Following diagnosis, some of the
patients were referred to the Department of Haematology
and Immunology, Obafemi Awolowo University
Teaching Hospital, lle-Ife, Nigeria, which has facilities
for Karyotyping in order to determine their Philadelphia
chromosomal status and suitability for enrolment in the
Glivec Treatment program offered by the Institution.
Other investigations which guided us in the diagnosis
and management of the patients included — serum
electrolytes and urea, liver function tests and abdominal
ultrasound scan. All the patients who presented with
symptoms and signs suggestive of neurological or
sensori-neural impairments were appropriately referred
to Consultants/Specialists in the relevant departments for
proper assessment and documentation.

All the patients were admitted at presentation for
investigation, rehydration and commencement of
cytoreductive therapy with Hydroxyurea or Busulphan
once the diagnosis was made. Allopurinol was added to
the treatment regimen to prevent the complications of
tumor lysis syndrome that could result from destruction
of the malignant white blood cells. Red blood cell and
platelet concentrate transfusions were offered to the
patients when indicated. The patients were discharged
from the hospital following satisfactory reduction in
WBC and improvement in clinical status and then
followed up at the Haematology Clinic and Day Care
centre of the Department.

Also, available literature were searched and reviewed on
the subject matter and documented. The data which were
generated from the case folders and other sources were
entered into SPSS Statistical Package software version
21 and analysed and results presented in form in
frequency tables.

Results

Thirty six cases of CML were seen and managed at the
Haematology Department of University of llorin

Teaching Hospital, Ilorin, Nigeria within the study
period. There were 21(58.3%) males and 15(41.7%)
females giving a male: female ratio of 1.4:1(Table
1).The mean age of the patients at diagnosis was 37.5
years (range 11 — 75 years). The mean total White blood
cell count (WBC) for all the patients was 203.7 x 10%/L
(range 24.1 x 10%L — 601.0 x 10%L). Nine (25%)
patients presented with one or more neurological
complications at the time of diagnosis. The mean WBC
in the nine patients with neurological complications was
383.2 x 10%L (range 280.5 x 10%L — 601.0 x 10%L) —
Table 2.

Table 1: showing the annual and sex distribution of the
36 CML patients who were managed at U.L.T.H, llorin
during the study period
Year of Males Females Total
Diagnosis (%) (%) (%)

2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
TOTAL 21(58.3) 15(41.7)  36(100)

AN WD ODN PN R
PN PR RN NdDMNDNEREDN
o B b W B~ B WO OB DN W

*M: Fratio=1.4:1

Out of the nine patients with neurological complications,
two (22.2%) presented with bilateral hearing loss, two
(22.2%) had left ear hearing impairment with tinnitus,
and one (11.1%) had right ear hearing impairment with
tinnitus. One patient (11.1%) presented with bilateral
hearing impairment, tinnitus and gait ataxia, another
patient (11.1%) had gait ataxia with lumbar spondylosis,
and another patient (11.1%) had bilateral visual blurring
with demonstrable leukaemic deposits on the retina by
fundoscopy. Aphasia was seen in one patient (11.1%).
(Table3). Other causes of blindness or hearing loss or
impairment such as trauma or foreign body in the ear
were excluded in the patients who presented with such
features.
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Table 2: showing the clinical and laboratory features of
the 9 CML patients with neurological complications in
U.I.T.H, llorin as recorded at Diagnosis.

s £ - 8 2

z S c§ @ S J 84
2« 5 29 Ef 3 23 £3
O un < N B JS & =X X
1. M 43 16 6 26 290.0 184
2. M 33 18 6 30 500.0 125
3. F 57 14 4 34 286.1 429
4. M 60 16 5 20 601.0 118
5 F 48 13 6 31 348.0 215
6. F 75 20 5 29 2805 182
7. M 25 18 8 31 288.0 290
8. M 52 22 10 25 4605 402
9. F 37 14 6 28 395.0 103

*Mean WBC = 383.2 x 10%/L

Table 3: Showing the prevalence of neurological
complications among the 9 CML patients seen during the
study period

Types of Neurological Prevalence

Complications (% of 9
patients)

Bilateral deafness 2 (22.2)

Left ear hearing impairment + 2 (22.2)
Tinnitus

Right ear hearing impairment + 1 (11.1)
Tinnitus

Bilateral hearing impairment + 1 (11.1)
Tinnitus + Ataxia

Ataxia + Lumbar spondylosis 1(11.1)
Visual Impairment 1(11.1)
Aphasia 1(11.1)
Total Number of patients 9 (100)

Auditory  complications  were the  commonest
neurological complications seen in the CML patients
which was recorded in six (66.7%) of the nine patients.
Following the cytoreductive chemotherapy with
Busulphan or Hydroxyurea, most patients achieved
clinical and haematological controls of the disease
within 4-6 weeks with significant reduction in splenic or
liver sizes, and return of WBC to less than 20 x 10%/L.
Leukapharesis was not done for any of the patients with

hyperleucocytosis due to lack of facilities for the
procedure. In all the patients with neurological
impairments, no significant improvements in visual,
auditory or speech defects were observed despite control
of WBC counts.

Discussion

Chronic myeloid leukemia is a clonal myeloproliferative
disease of the bone marrow pluripotent stem cells
characterized by an uncontrolled proliferation of myeloid
progenitor cells and accumulation of all stages of
myeloid cells maturation in the peripheral blood ®. The
disease is believed to arise from the formation of the
Philadelphia chromosome, t(9;22)(q34,911) due to a
reciprocal translocation of Abl oncogene on the long arm
of chromosome 9 to the Bcr region on the long arm of
chromosome 22 resulting in the production of an
aberrant Tyrosine Kinase which drives the excessive
proliferation of the myeloid cells in the marrow with
inhibition of apoptosis to cause the peripheral blood
accumulation of the malignant cells 24,

CML was reported to constitute about 14% of all
leukemias worldwide and 20% of adult leukaemias with
a median age of occurrence of 65 years in Caucasians %4,
and 38 years among Nigerians 5 .The mean age of the
CML patients at presentation in our study was 37.5
years, which was close to the median age reported in a
previous study from lle-Ife, Nigeria by Boma et al 5. A
previous study from llorin, Nigeria also reported a mean

age of 38.3 years in a cohort of 46 CML patients studied
28

The prevalence of CML was found to be slightly higher
in males than females in our study (male: female ratio
was 1.4:1). This finding was in agreement with the study
of Joseph et al in Jos, Nigeria 7.

Hearing defects in the form of tinnitus, impairment,
partial or complete deafness had been reported in
literature as the commonest form of neurological
complication associated with CML 4710 1114, 1517 "\which
could be unilateral or bilateral, and may occur in
association with other forms of neurological deficits in
the same patient. Many studies documented hearing
impairment or loss as the first presenting feature of CML
in their studies®”'42° | In the present study, auditory
complications were found in 6 (66.7%) out of the nine
patients with neurological complications, and the defects
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were present at the time of diagnosis. This finding was
also in agreement other previous studies from within and
outside Nigeria which found hearing defects as the
commonest presenting feature in  their CML
patients”1%1430 Joseph et al 7 in Jos, Nigeria, reported
that the left ear was more vulnerable to neurological
involvement in their study. However, in our study,
bilateral ear involvement was found to be higher (33.3%)
in the CML patients with neurological complications in
contrast to the finding from Jos but was lower than the
69.2% bilateral ear involvement reported by Sanyaolu et
al 2 in lle-Ife, Nigeria. Tinnitus was found in all the
patients with hearing loss or impairment in our study, a
finding which was also reported by Sanyaolu et al °.

Opthalmic complication in the form of bilateral visual
blurring and difficulty seeing close and distant objects
clearly were the presenting complaints in one patient in
our study. Visual acuity (VA) done for the patient
revealed reduced vision in both eyes with VA in left eye
being 4/12 and right eye 6/12, and fundoscopic
examination done also showed leukemic infiltrates of the
retina in both eyes. Visual impairment in the form of
blurring of vision, reduced visual acuity or blindness had
also been reported by many authors*"61731 |n Jos,
Nigeria, Joseph et al’ found bilateral blindness in a
patient who also had leukemic deposits on the retina on
fundoscopic examination. Also in Port Harcourt,
Nigeria, Ejele et al* reported visual and auditory
impairments in a pregnant woman with CML at
presentation, and fundoscopy showed bilateral patchy
areas of ischaemia and blot haemorrhages on the retina.
The bilateral visual impairment which was present in
only one patient in our study failed to resolve in spite of
cytoreductive therapy, an observation was also reported
by Joseph et al 7.

Aphasia and dysarthria have also been reported in
patients with CML'81°, We encountered a patient who
presented with aphasia and incoherent speech in our
study. Aphasia as a complication of CML is said to be
rare and few case reports were found during the
literature search. Janssen et al ® reported aphasia in
association with deafness and hearing loss in a 51 year
old CML patient. Yeung et al 1° also reported expressive
aphasia in a patient with chronic myelomonocytic
leukemia. The finding of aphasia in a patient in this
study is in agreement with previous case reports of
aphasia as a complication of CML.

Gait ataxia was also recorded in 2 patients in our study.
Although, no case of ataxia had been reported previously
in Nigeria, a few cases from other parts of the world had
been recorded in CML patients'®3334 The finding of
ataxia in 2 patients in our study corroborated previous
reports from outside Nigeria and should be borne in
mind as a possible complication of CML in our
environment.

Priapism had also been reported by several authors as a
complication of CML20212223242526 [yt no single case
of priapism was recorded in our study.

Hyperleucocytosis (WBC> 100 x 10%L) is a common
feature in CML patients worldwide, and several studies
had documented this phenomenon as the most probable
cause of the neurological complications found in patients
with  CML 478935 The resultant hyperviscosity
syndrome and leucostasis from the hyperleucocytosis
cause impaired blood flow in the microcirculation with
reduced blood supply to the organs and tissues causing
focal ischaemia, haemorrhage and oedema in the
affected organs and tissues, and when the central
nervous system (CNS) is involved can produce the
observed neurological deficits associated — with the
myeloproliferative disorders, CML inclusive®.

All the nine patients in our study who had neurological
complications had hyperleucocytosis with mean total
WBC of 383.2 x 10%L (range, 280.5 x 10°%L — 601.0 x
10%L). Our finding is similar to the reports of Ejele et al*
and Joseph et al” which also documented
hyperleucytosis, hyperviscosity and leucostasis as the
possible pathogenic mechanism for the neurological
complications seen in their patients. However, in the
report of Joseph et al’, the WBC counts at which they
observed the neurological complications in their patients
was much lower (105 — 150 x 10%L) compared to the
mean WBC count of 383.2 x10%L (280.5 — 601.0 x
10%L) in our study.

In theory, treatment of CML patients with cytoreductive
drugs and the return of WBC count to normal or near
normal levels should improve or reverse the neurological
symptoms. However, in our study in spite of the good
control of WBC count achieved with the cytoreductive
therapy, neurological deficits in the patients were not
improved or reversed. Joseph et al 7 also did not record
any improvement in the neurological symptoms in their
patients following cytoreductive therapy, and suggested
that there may be a yet to be identified mechanism which
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contributes to the popular theory of leucostasis and
hyperviscosity in the development of neurological
complications in CML.

Leukapheresis is a treatment option which can be used
when there is hyperleucocytosis in CML patients %, and
it can effectively achieve a rapid reduction in WBC
count. None of the patients in our study had
leukapheresis due to lack of this facility in our centre,
but all the patients were treated with Hydroxyurea
,Busulphan or Imatinib mesylate (Glivec, in a few cases
that were enrolled in the Glivec Treatment programme at
the OAUTH, lle-Ife, Nigeria). All the patients achieved
significant control of WBC counts within 4-6 weeks and
were discharged and subsequently followed up in the
Haematology Outpatient Clinic and Day Care centre.

Although, it is said that neurological complications in
CML are rare, only a few studies had documented the
pattern of such complications in groups of CML patients.
This study had, therefore, documented the pattern of
neurological deficits that were encountered in a cohort of
36 CML patients in our centre, and compared with
findings in similar studies. There is the need for greater
vigilance on the part of all concerned in the diagnosis
and management of these patients to adequately
investigate patients for early detection of any such
complications as this will greatly influence decisions on
the management and prognosis of the patients.

References

1. MA, Liesveld JL. Chronic myelogenous leukemia and related
disorders in: Williams Hematology. 7th Ed (eds Kaushansky, K.,
Williams, W.J.) New York, McGraw-Hill Medical. Chp.
2010;88:1237.

2. Galbraith PR, Valberg LS, Gruner PH, Brown GM. The
mechanism of the leukocytosis in chronic myeloid leukemia. Ann
Inter Med., 1965; 62 (5):1085.

3. Jemal A, Tiwari RC, Murray T, et al. Cancer statistics, 2004. CA
Cancer J Clin.; 2004;54:8-29.

4.  Ejele OA, Omunakwe HE, lyalla C, da Lilly-Tariah OB, Pedro-
Egbe CN. Visual and Auditory Complications of Chronic
Myeloid Leukemia: A Case Report, Br J Med Med Res.,
2013;3(3): 566-572.

5. Boma PO, Durosimi MA, Adediran IA, Akinola NO, Salawu L.
Clinical and prognostic features of Nigerians with chronic
myeloid leukemia. Niger Postgrad Med J., 1016; 13(1):47-52.

6.  Nowell PC, Hungerford DA. A minute chromosome in human
Chronic granulocytic leukemia. Science, 1960; 132:1497-1501.

7. Joseph DE, Durosinmi MA. Neurological complications of
chronic myeloid leukemia: any cure? Niger J Clin Pract,,
2008;11:246-249.

8.  Chae SW, Cho JH, Lee JH, Kang HJ, Hwang SJ. Sudden hearing
loss in chronic myelogenous leukaemia implicating the
hyperviscosity syndrome. J Laryngol Otol., 2002; 116:291-293.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Rowe JM, Lichtman MA. _Hyperleukocytosis and leukostasis:
common features of childhood chronic myelogenous leukemia.
Blood, 1984; 63: 1230-1234.

Sanyaolu AA, Yemisi BA, Muheez AD, Akeem OL. Otological
Diseases in Patients with Chronic Myeloid Leukemia. J Leuk
.,2014;2:128. doi: 10.4172/2329-6917.1000128.

Resende LSR , Coradazzi AL, Rocha-Junior C, Zanini JM, Niéro-
Melo L. Sudden Bilateral Deafness from Hyperleukocytosis in
Chronic Myeloid Leukemia. Acta Haematol 2000; 104:46-49.
Lee EJ, Yoon YJ. Bilateral sudden sensorineural hearing loss as
an initial presentation of myelodysplastic syndrome. Am. J.
Otholaryngol., 2012; 33(6):782-783.

Tsai CC, Huang CB, Sheen JM, Wei HH, Hsiao CC. Sudden
hearing loss as the initial manifestation of chronic myeloid
leukemia in a child. Chang Gung Med J., 2004; 27:629-633.
Onwukeme KE, Sagoe AS, Bartha PL. Sensori-neural hearing
impairment in chronic granulocytic leukemia. Tro Geogr. Med.,
1987; 39(1):24-27.

Kapur S, Wax M, Miles L, Hussain A. Permanent Sensorineural
Deafness in a Patient with Chronic Myelogenous Leukemia
Secondary to Intracranial Hemorrhage. Case Reports in
Hematology, vol. 2013, Article ID 894141, 8 pages, 2013.
doi:10.1155/2013/894141

Eze BI, Ibegbulam GO, Ocheni S. Ophthalmic manifestations of
leukemia in a tertiary hospital population of adult Nigerian
Africans. Mid East Afr J Ophthalmol. 2010;17(4):325-329.
Aken’Ova YA, Okunade MA, Akang EE. Neurological
manifestations of chronic myelogenous leukemia. Afr J Med Sci.,
1996:25(4): 397-398.

Janssen JJWM, Berendse HW, Schuurhuis GJ, Merle PA,
Ossenkoppele GJ. A 51-year-old male CML patient with
progressive hearing loss, confusion, ataxia, and aphasia during
imatinib treatment. Am J Hematol., 2009; 84:679-682.

Yeung DF, Hsu R. Expressive aphasia in a patient with chronic
myelomonocytic leukemia. SpringerPlus. 2014; 3(1):406.

Suri R, Goldman JM, Catovsky D, Johnson SA, Wiltshaw E,
Galton DAG. Priapism complicating chronic granulocytic
leukemia. Am. J. Hematol., 1980; 9:295-299.
doi:10.1002/ajh.2830090308

Tazi I. Priapism as the first manifestation of chronic myeloid
leukemia. Ann Saudi Med ., 2009;29: 412.

Farhan S, Anjum F, Al-Qahtani FS, Al-Anazi KA. Chronic
Myeloid Leukemia Presenting with Priapism. J Leuk.
2015;3:171.d0i:10.4172/2329-6917.1000171.

Jana K, Aggarwal R, Gawande A, Lal M. Priapism: a chronic
myeloid leukemia harbinger in exigency. Ann Trop Med Public
Health, 2013; 6 (5): 583-585.

Jameel T, Mehmood K. Priapism - an usual presentation in
chronic myeloid leukemia: case report and review of the
literature. Biomedica, 2009; 25: 197-199

Ocheni S, Ibegbulam OG, Olusina DB, Oyekunle AA, Durosinmi
MA. Chronic Myeloid Leukaemia presenting as priapism: A
report of 2 cases and review of literature. J of Col of Med. 2010;
15:76-81. http://www.ajol.info/index.php/jcm/article/view/73112.
Shaeer OKZM, Shaeer KZM, AbdelRahman IFS, El-Haddad MS,
and Selim OM. Priapism as a result of chronic myeloid leukemia:
Case report, pathology, and review of the literature. J Sex Med.,
2015;12:827-834.

Lewis SM, Bain BJ, Bates |. Dacie and Lewis Practical
Haematology. 2006, 10th edition. London, Churchill Livingstone,
pp. 25-55.

Shittu AO, Babatunde AS, Adewoye AO. Clinicopathological
features of chronic myeloid leukemia at diagnosis: Study of a
series of 46 cases. Bangladesh J Med Sci . 2016; 15(1):20-24.
Veling MC, Windmill I, Bumpous JM . Sudden hearing loss as a
presenting manifestation of leukemia. Otolaryngol Head Neck
Surg., 1999; 120:954-956.

Chim CS,Woob JKS. Deafness in Chronic Myeloid Leukemia,
Leukemia & Lymphom., 1997; 26: 209-210, DOI:
10.3109/10428199709109179.

Arch. Clin. Res. Vol. 6, June 2018 | 15


https://www.ncbi.nlm.nih.gov/pubmed/6585236
https://www.ncbi.nlm.nih.gov/pubmed/6585236
https://www.ncbi.nlm.nih.gov/pubmed/6585236
https://www.ncbi.nlm.nih.gov/pubmed/19700904
https://www.ncbi.nlm.nih.gov/pubmed/19700904

ACR

3L

32.

33.

34,

35.

36.

Omoti AE, Omoti CE, Momoh RO. Ocular Disorders in Adult
leukemia patients in Nigeria. Mid East Afr J Ophthalmol.
2010;17(2):165- 168.

Kanyike FB, Kigonya RM. Nerve deafness, dysarthria and ataxia
in chronic granulocytic leukemia—a case report. East Afr Med J.,
1982; 596:420-424.

Kim HA, Yi HA, Chang HW, Do YR, Lee H. Bilateral
sequential audiovestibular loss as an initial manifestation of
chronic myelogenous leukemia. Neurol. Sci . 2014;35:463-467.
doi:10.1007/s10072-013-1556-9.

Cherchi M, Huo E, Nelson N, Frankfurt O, Russell E, Raizer J.
Gradual hearing loss with bilateral labyrinthine hemorrhage in
chronic myelogenous leukemia. Neurology, 2006; 67(1), 177-
178. DOI: 10.1212/01.wnl.0000223624.82210.21

Amancio J, Scoro G, Gazoni FM, Guimarées HP, et al. Chronicle
Myeloid Leukemia and Hyperviscocity Syndrome. Case Report.
Rev. Bras. Ter. Intensiva. 2008;20(1):99-102.

Blum W, Porcu P. Therapeutic apheresis in hyperleukocytosis
and hyperviscosity syndrome. Semin Thromb Hemost., 2007; 33:
350-354.

Babatunde, et al; Pattern of neurological complications of chronic myeloid leukaemia in Ilorin, Nigeria: A ten year review

Arch. Clin. Res. Vol. 6, June 2018 | 16


http://dx.doi.org/10.1212/01.wnl.0000223624.82210.21
https://www.ncbi.nlm.nih.gov/pubmed/17525892
https://www.ncbi.nlm.nih.gov/pubmed/17525892
https://www.ncbi.nlm.nih.gov/pubmed/17525892

