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ABSTRACT

Introduction: Leukaemic ophthalmopathy can be either
symptomatic or asymptomatic. Several factors can cause
leukaemic ophthalmopathy, including opportunistic infections,
direct ocular infiltration by leukaemic cells, indirect ocular
involvement from subsequent haematologic alterations, and
consequences from different treatment modalities. Patients
with leukaemia who develop leukaemic infiltrates must undergo
urgent systemic and neurological re-evaluation.

Aim: To evaluate the prevalence and spectrum of leukaemic
ophthalmopathy among leukaemic patients and to identify and
analyse the common ocular manifestations of leukaemia in
different age and gender groups.

Materials and Methods: A cross-sectional study was
conducted at a tertiary care hospital in South Gujarat, India.
A total of 48 patients diagnosed with leukaemia were included
in the study. Detailed histories regarding their systemic iliness,
present systemic complaints, ocular complaints, and history of
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treatment were noted. Detailed ophthalmoscopic examinations
like slit lamp examinations, fundoscopic examinations, visual
acuity, and intraocular pressure were performed on each
participant. Statistical analysis was conducted using descriptive
data analysis methods in Microsoft Excel sheets.

Results: Out of the total 48 leukaemia patients recruited,
16 (33.33%) had ocular manifestations. Among the 25 acute
leukaemia patients and 23 chronic leukaemia patients, 8 (32%)
and 8 (34.78%) had ocular manifestations, respectively. Among
all ocular manifestations, venous tortuosity was the most
common, followed by deep and superficial retinal haemorrhage,
dry eye, and Roth’s spot.

Conclusion: The prevalence of ocular manifestations
in leukaemia was reported to be 33.33%. Although an
ophthalmologist's involvement in leukaemia treatment is
secondary, it is nonetheless crucial to promptly recognise any
ocular signs due to the worse prognosis associated with ocular
involvement and to rule out extramedullary disease.
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INTRODUCTION

The malignant proliferative illness known as leukaemia, affects
haematopoietic bone marrow stem cells. It is characterised by
the overabundance of immature neoplastic leukocytes in the bone
marrow and their extensive infiltration of organs, tissues, and
peripheral blood [1]. Furthermore, the increasing survival rates
of leukaemia patients have led to a rise in the diversity of ocular
manifestations as a consequence. The reported occurrence of
ocular involvement in leukaemia ranges from 9% to as high as
90% [2,3]. Ocular involvement in leukaemia may develop during
the course of the iliness or before the disease is diagnosed. After
the meninges and testicles, orbital and ocular lesions have been
reported as the third most common extramedullary site of acute
leukaemias [4]. Therefore, it is important to closely examine the
sites of extramedullary leukaemic infiltration. The natural history and
survival prognosis of systemic leukaemia are significantly influenced
by ophthalmic involvement, which is associated with significant
ocular morbidity and vision loss. Recent findings have shown a
negative correlation between the prognosis for acute childhood
leukaemia and the presence of ocular involvement [5]. Hence, it
is critical to consider an ocular evaluation when diagnosing acute
leukaemia in both adults and children.

Leukaemic ophthalmopathy can be either symptomatic or
asymptomatic. It can be caused by leukaemic cells directly invading
the eye, indirect ocular involvement from subsequent haematologic
alterations, opportunistic infections, and issues from different
treatment techniques. The presence of specific orbital and ocular
lesions have been associated with a higher frequency of bone
marrow relapses and Central Nervous System (CNS) involvement,
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leading to a lower survival rate [6]. When leukaemia patients
develop leukaemic infiltrates, an urgent systemic and neurological
re-evaluation must be conducted. Therefore, it is crucial to consider
performing an ocular examination on every leukaemic patient.

Few studies have been conducted to assess the rate of ocular
manifestations in leukaemia [4,6-10]. Due to insufficient data on
this topic from our country, this study was conducted to determine
the pattern of ocular findings related to leukaemia. Additionally, this
subject has not been investigated in this locality. Thus, the aim of the
study was to evaluate the prevalence and spectrum of leukaemic
ophthalmopathy among all new and follow-up leukaemia patients
coming to a tertiary care hospital in South Gujarat, India.

MATERIALS AND METHODS

This cross-sectional study was conducted at a tertiary care centre
in South Gujarat, India (Government Medical College and New Civil
Hospital, Surat) and its attached cancer institute from December
2015 to December 2016. The study was approved by the
Institutional Human Research Ethics Committee with the assigned
number MCS/STU/ETHICS/Approval/26040/15.

Inclusion criteria: All diagnosed leukaemia patients admitted to the
tertiary care hospital in South Gujarat who were willing to participate
in the study were included and prospectively analysed.

Exclusion criteria: Patients with a history of ocular diseases that
hinder adequate fundus visualisation (such as dense cataracts,
corneal opacity), patients under the age of 1.5 years, and patients
with ocular manifestations due to other systemic diseases (such
as diabetes mellitus, hypertension, sickle cell disease, etc.,) were
excluded from the study.
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Sample size calculation: Based on observations from the
previous year, where approximately 40-50 leukaemia patients
attended the tertiary care hospital and attached cancer institute,
this study aimed to investigate ocular findings in leukaemia
patients. The sample size was arbitrarily set at 48 based on
clinical observations. A total of 48 patients who met the inclusion
and exclusion criteria were included in the study. Informed written
consent was obtained from the participants or their legal guardians
before inclusion in the study.

At the time of inclusion in the study, detailed participant history,
including demographic data, systemic illness history, current
systemic and ocular complaints, and treatment history, were
recorded. Patients’ visual acuity was assessed using a Snellen
chart. An ocular examination was conducted using a Carl Zeiss
Meditech AG slit lamp. Fundus examination was performed using
a Heinz direct ophthalmoscope and an indirect ophthalmoscope
with a +20 D aspheric lens under full mydriasis. Tropicamide (0.8%)
and phenylephrine (5%) eye drops were used to achieve mydriasis.
Intraocular pressure was measured using a Goldmann Applanation
tonometer and a non contact tonometer in children. Details of
blood investigations, such as complete blood count and differential
blood cell count, were recorded. B scans and reviewed computed
tomography scans of the brain and orbit reports of patients were
also utilised when necessary.

STATISTICAL ANALYSIS

Statistical analysis was conducted using descriptive data analysis
methods in Microsoft Excel sheets.

RESULTS

A total of 48 participants who met the inclusion and exclusion
criteria over 12 months were examined for ocular changes during
the study period. The age of these patients ranged from 1.5 years
to 70 years, with a mean age of 30.14+19.36 years. Out of the 48
patients, 16 (33.33%) were in the children group, aged between
1.5 years to 15 years. Additionally, 9/48 (18.75%) were in the
16-30 years age group, 11/48 (22.92%) in the 31-45 years age
group, and 12/48 (25%) in the >45 years age group. The gender
distribution showed that 30/48 (62.5%) patients were male and
18/48 (37.5%) were female, with a male-to-female ratio of 1.67:1.
In this study, the highest incidence was of Acute Lymphocytic
Leukaemia (ALL), with 24/48 (50%) cases. The incidence of Chronic
Myeloid Leukaemia (CML), Chronic Lymphocytic Leukaemia
(CLL), and Acute Myeloid Leukaemia (AML) were 19/48 (39.58%),
4/48 (8.33%), and 1/48 (2.08%), respectively. Among the
participants, 16/48 (33.33%) had ocular manifestations. Gender-
wise distribution showed that 11 (36.67%) males and 5 (27.78%)
females had ocular manifestations. The frequency of ocular
manifestations and their relationship with various parameters such
as age, gender, type of leukaemia, platelet count, and White Blood
Cell (WBC) count are presented in [Table/Fig-1].

In this study, the patients were divided into three groups based on
the duration since their diagnosis of leukaemia. The incidence of
ocular manifestations was highest in patients diagnosed more than
two years ago, with 7 (43.75%) cases [Table/Fig-2].

This study shows that out of the 16 patients with ocular
manifestations, 6 (37.5%) patients had 6/6 visual acuity on the
Snellen’s chart. Additionally, 2 (12.5%) patients had visual acuity
ranging from 6/18 to 6/9, and 2 (12.5%) patients had visual acuity
between 6/60 to 6/24, which was attributed to refractive errors
rather than ocular findings related to leukaemia. Among these 10
patients with vision better than 6/60, ocular findings included dry
eye with meibomitis, conjunctivitis, tortuous retinal vessels, and
subconjunctival haemorrhages, none of which resulted in a decrease
in vision. In addition, among the 4 (25%) patients with vision ranging
from 1 MFC to 6 MFC, two patients had subhyaloid haemorrhage,
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Parameters

Number of patients

(total-48), n (%)

Numbers of patients with ocular
manifestations (total-16), n (%)

Age of patients (years)

1.5t0 15 16 (33.33) 5(31.25)
16 to 30 9 (18.75) 4 (44.44)
311045 11 (22.92) 3(27.27)
>45 12 (25) 4 (33.33)
Gender

Male 30 (62.50) 11 (36.66)
Female 18 (37.50) 5(27.77)
Different classes of leukaemia

Acute 25 (52.08) 8(32)
Chronic 23 (47.92) 8(34.78)
Different types of leukaemia

ALL 24 (50) 7(29.17)
AML 1(2.08) 1(100)
CLL 4(8.33) 4 (100)
CML 19 (39.58) 4 (21.05)
Platelets (cells/cumm)

<50,000 7(14.58) 7 (100)
50,000-1,50,000 19 (39.58) 5 (26.31)
>1,50,000 22 (45.83) 4(18.18)
White Blood Cells (cells/cumm)

<4000 19 (39.58) 9 (47.36)
4000-11000 23 (47.91) 3(13.04)
11000-25000 1(2.08) 0
>25000 5(10.41) 4 (80)

[Table/Fig-1]: Frequency of ocular manifestations and their relationship with
various parameters.

ALL: Acute lymphocytic leukaemia; AML: Acute myeloid leukaemia; CLL: Chronic lymphocytic
leukaemia; CML: Chronic myeloid leukaemia

Duration
<6 months 6 months to 2 years >2 years
Types of Total Ocular Total Ocular Total Ocular
leukaemia | patients | findings | patients | findings | patients | findings
ALL 6 3 13 3 5 1
AML 1 1 0 0 0 0
CLL 0 0 0 0 4 4
CML 6 1 6 1 7 2
Total 13 5 19 4 16 7

[Table/Fig-2]: Incidence of ocular manifestations according to duration of leukaemia.

ALL: Acute lymphocytic leukaemia; AML: Acute myeloid leukaemia; CLL: Chronic lymphocytic
leukaemia; CML: Chronic myeloid leukaemia

one patient had papilledema in both eyes, and one had retinal
infiltrates. Out of the 2 (12.5%) patients with visual acuity less than
1 MFC, one patient had vitreous haemorrhage in both eyes, and the
other had central retinal artery occlusion with proptosis due to orbital
infiltration in one eye and papilledema in the other eye [Table/Fig-3].
The various ocular manifestations of leukaemia observed in

this study are detailed in [Table/Fig-4]. These changes are
categorised into primary and secondary changes. It was noted

Visual acuity n (%)
6/6 6 (37.5)
6/18 to 6/9 2(12.5)
6/60 to 6/24 2 (12.5)
1 MFC* TO 6 MFC 4 (25)
<1 MFC 2(12.5)

[Table/Fig-3]: Visual acuity in patients having ocular manifestations.

*MFC: Meter finger counting
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Ocular findings in leukaemia n (%)
Primary changes

Proptosis due to orbital infiltration 1(2.08)
g:zgzg\i’leIpéltlitrr;tllggtachment) 1(2.08)
Secondary changes

Orbital cellulitis 1(2.08)
Conjunctivitis 1 (2.08)
Subconjunctival haemorrhage 1 (2.08)
Dry eye 4(8.33)
Papilloedema 2(4.2)
Superficial retinal haemorrhage 6 (12.5)
Deep intraretinal haemorrhage 7 (14.58)
Roth’s spot 3 (6.25)
Dilated/tortuous veins 11 (22.92)
Subhyaloid haemorrhage 24.2)
Vitreous haemorrhage 1(2.08)

[Table/Fig-4]: Incidence of various ocular manifestations in leukaemia.

that some patients exhibited multiple ocular findings, such as
retinal haemorrhages, subhyaloid haemorrhage [Table/Fig-5],
subconjunctival haemorrhage [Table/Fig-6], or papilledema, along
with dilated/tortuous vessels.

[Table/Fig-5]: Fundus photograph of a seven-year-old male patient with Acute
Lymphocytic Leukaemia (ALL) showing subhyaloid haemorrhage with superfi-
cial retinal haemorrhages. [Table/Fig-6]: A 20-year-old male patient with Acute
Lymphocytic Leukaemia (ALL) showing subconjunctival haemorrhages. (Images
from left to right).

DISCUSSION

In this study, a total of 48 patients with leukaemia were examined.
The prevalence of ocular manifestations in leukaemia was reported
to be 33.33%. The mean age was 30.14+19.36 years, which was
comparable to Guyer DR et al., (mean age 33.3 years), Reddy
SC and Jackson N (mean age 34.6 years), and Mirshahi R et al.,
(mean age 27.6+17.9 years) in their studies on leukaemia [7-9].
This study cohort exhibited a predominance of males, with 30
males (62.5%) out of 48 patients. This finding was similar to the
study by Koshy J et al., where there were 61 (63.54%) males out of
a total of 96 patients, and 35 (36.46%) females [10]. The observed
distribution of sex could be attributed to the natural sex prevalence
pattern of leukaemia or the established gender inequality favouring
males in healthcare access, or a combination of both factors. This
suggests the importance of identifying and addressing gender-
related barriers to healthcare access, with significant implications
for healthcare planners and implementers [10].

The prevalence of ocular manifestations in leukaemia has been
reported between 9-90% in various studies [2,3]. This divergent
variation in results may be due to the transient nature of ocular
findings, which may wax and wane with time and treatment. The
present study was a cross-sectional hospital-based study that
includes all types of leukaemia patients visiting the outpatient
departments of the ophthalmology department and cancer institute.
In this study, 16 (33.33%) out of 48 patients had ocular findings,
which was comparable to findings from other studies. Reddy SC
and Jackson N conducted a study on 288 patients, of which 102
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(85.4%) patients with leukaemia exhibited ocular manifestations
[8]. Mirshahi R et al., studied 85 patients, with 27 (31.8%) showing
ocular findings [9]. Koshy J et al., examined a total of 96 patients,
among whom 42 (43.8%) patients had ocular findings [10]. Although
the sample size of these studies was larger than the present study,
the results of both studies were similar.

Different types of leukaemia exhibit varying tendencies to develop
ophthalmic symptoms, as observed in this study. In a study by
Reddy SC and Jackson N out of 288 cases, 102 (35.5%) acute
leukaemia patients presented with ocular manifestations [8]. In
Koshy J et al., study, 35/68 (51.9%) acute and 7/28 (25%) chronic
leukaemia patients had ocular findings [10]. This disparity could
stem from different study designs or may genuinely reflect the
nature of the illness. The transient nature of the disease or its
complications may contribute to this variability across studies.

Upon comparing different types of acute and chronic leukaemia,
this study observed that 29.17% of ALL patients had ocular
findings, which aligned closely with previous findings. Reddy SC
and Jackson N reported 30.3% of ocular manifestations in ALL
patients [8], and Koshy J et al., noted ocular manifestations in
32% of ALL patients [10]. In the present study, all patients (N=1,
100%) with AML exhibited ocular manifestations. However, due
to its very small size, no statistically significant observations could
be drawn. Additionally, all 4 (100%) patients with CLL presented
with ocular manifestations. In CML, 21.05% of patients had
ocular manifestations. Koshy J et al., study reported 27.8%, and
Reddy SC and Jackson N study documented 39.5% of patients
with CML developing ocular manifestations [10]. This discrepancy
could arise from differing study designs or may indeed reflect the
nature of the disease. The comparison of this study is illustrated
in [Table/Fig-7] [8-11].

Author’s Conclusions
name and Number (ocular
S. publication | Place of | of sub- involvement
no. year study jects Objective %)
Present South Evaluate the ocular
1 Gujarat, 48 manifestations in 16 (33.33)
study, 2024 g )
India leukaemia
Reddy SC Ocular involvement
2 and Jackson | Malaysia | 288 in leukaemia 102 (35.4)
N, 2004 [8]
. . To present primary
3 Mirshahi R et Iran 85 ocular manifestations 27 (31.8)
al., 2022 [9] ) X
in acute leukaemia
Ophthalmic
manifestations
Koshy J et .
4 | al, 2015 Punjab, | gg ofacuteand 42 (43.8)
India chronic leukaemias
[10] ) .
presenting to a tertiary
care centre in India
Ocular
llo OT et al., o manifestations of
5 [11] 2019 Nigeria 160 leukaemia a teaching 56 (35)
hospital experience

[Table/Fig-7]: Comparison of various studies [8-11].

The platelet count and ocular findings in various patients indicated
that those with lower platelet counts exhibited more ocular findings.
This can be attributed to an increased generalised tendency to
bleed associated with thrombocytopenia. Thrombocytopenia
may result from the adverse effects of chemotherapy, leading to
bone marrow suppression [12]. In this study, patients with both
leukocytopenia and leukocytosis presented ocular manifestations.
A high White Blood Cell (WBC) count can also induce hyper
viscosity, potentially causing venous tortuosity [13]. Individuals
with leukaemia are susceptible to developing uncommon and
potentially life-threatening infections during periods of neutropenia,
resulting from both the underlying disease and chemotherapy.
These patients are at risk of a wide range of infections by viral,
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fungal, protozoal, and bacterial agents, which can lead to orbital
cellulitis in the eye [14,15]. This indicates that both leukopenia
and leukocytosis may contribute to the occurrence of ocular
manifestations in leukaemia.

Out of a total of 16 patients, two patients exhibited primary or
direct leukaemic infiltration, presenting as proptosis due to
orbital infiltration and exudative retinal detachment caused by
choroidal infiltration. Several studies have reported exudative
retinal detachment as the initial ocular sign of leukaemia [16,17].
The remaining 14 patients showed secondary involvement,
such as orbital cellulitis, conjunctivitis, dry eye, subconjunctival
haemorrhage, venous tortuosity, and vitreous haemorrhage. The
principal manifestations of leukaemic involvement can be explained
by factors like thrombocytopenia, blood viscosity, leukocytosis,
secondary infections, or various leukaemia treatments.
Chemotherapy and radiotherapy, for example, may lead to dry eye,
bone marrow suppression, and pancytopenia [15,18,19]. Prior to
the advent of modern chemotherapy, significant infiltrations were
frequently observed, partially or completely destroying retinal
architecture [2]. Ocular and orbital lesions have been reported
as the third most frequent extramedullary locations of acute
leukaemias after the meninges and testicles [4]. Therefore, it is
crucial to closely examine the sites of extramedullary leukaemic
infiltration, not only due to their local morbidity but also because
these sites may serve as a reservoir for the proliferation of
leukaemic cells, potentially leading to systemic relapse.

Limitation(s)

There were a few limitations to this study. Firstly, there were
not enough patients with AML in this study to draw firm
conclusions. Secondly, not all individuals underwent routine ocular
ultrasonography, computed tomography, or magnetic resonance
imaging to check for choroidal involverment of leukaemia.

CONCLUSION(S)

The prevalence of ocular manifestations in leukaemia was
reported to be 33.33%. The most frequent ocular abnormalities
associated with leukaemia were secondary orindirectinvolvement
of the posterior segment. Although an ophthalmologist’s
involvement in leukaemia treatment is secondary, it is nonetheless
important to promptly recognise any ocular signs due to the
worse prognosis linked to ocular involvement and to rule out
extramedullary disease.

Upon diagnosis and then at least every six months afterward, all
patients with leukaemia should undergo an ocular examination.
Even though ocular involvement may serve as an early indicator of
CNS disease or a recurrence, many individuals do not exhibit any
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symptoms. Authors propose that complete cooperation between
physicians, oncologists, and ophthalmologists is necessary, and
patients suspected of having eye symptoms should be promptly
evaluated by an ophthalmologist.
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