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Purpose: To describe ocular manifestations of acute leukemia in a Tunisian cohort and to assess the associations between ophthalmic
findings and epidemiological, clinical, and biological features of the disease.

Methods: A prospective study included patients newly diagnosed with acute leukemia referred to our clinics between January 2019
and July 2020. All patients underwent a complete ophthalmic evaluation and spectral-domain optical coherence tomography (SD-
OCT) at presentation, then every two months during one year. We defined two groups: Group 1 included patients with leukemic
ophthalmopathy and group 2 included patients with normal ophthalmic examination.

Results: Forty-six patients were enrolled. The mean age of patients was 32.1+15.3 years. The sex ratio M/F was 1.55 (28 male
patients and 18 females). Twenty-nine patients (63%) had acute myeloid leukemia (AML), and 17 (37%) had acute lymphoblastic
leukemia (ALL). The average follow-up was 9.1 months (range: 3—12 months). We observed ophthalmic manifestations in 28 patients
(61%). Among them, 17 (61%) had vision-threatening complications. The posterior segment was the most common site of ocular
involvement (82% of groupl). Primary leukemic infiltration (Disc edema, ptosis, exophthalmos) was present in 13 eyes (14.1%).
Twenty-seven eyes (29.3%) had secondary involvement lesions (Subconjunctival hemorrhage, periorbital ecchymosis, retinal/sub-
hyaloid hemorrhage, dilated/tortuous veins). Twenty-one eyes (22.8%) showed other ocular manifestations which etiopathogenesis is
not yet fully understood (White-centred hemorrhages, cotton-wool spots, serous retinal detachment, hemorrhagic pigment epithelial
detachment). Leukemic retinopathy was significantly more frequent in adults (23/39 and 1/7 in adult and pediatric groups, respec-
tively; p=0.003). Patients suffering from AML were more likely to have secondary ocular involvement (20/29 and 7/17 in AML and
ALL patients, respectively; p=0.047). Retinal hemorrhages were statistically associated with anemia and thrombocytopenia (p=0.041
and p=0.034; respectively).

Conclusion: Leukemic ophthalmopathy seems to be frequent and may lead to severe visual impairment. An ophthalmic assessment
complemented with SD-OCT has paramount importance in all newly diagnosed acute leukemic patients.
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Introduction

Acute leukemia is a neoplastic hematological condition resulting from the uncontrolled proliferation of immature white
blood cells.' The ophthalmic involvement may be asymptomatic. It can also be the revealing feature of the disease or an
isolated focal relapse.! Orbital and ocular lesions associated with leukemia may result from primary/direct leukemic
infiltration of ocular tissues or secondary/indirect involvement following systemic leukemic changes.”

Primary leukemic involvement occurs under three clinical pictures: orbital infiltration including myeloid sarcoma,
orbital hemorrhages and proptosis; neuro-ophthalmic signs of central nervous system (CNS) leukemia including cranial
nerve palsies, optic disc infiltration, and papilledema; as well as anterior segment uveal infiltration. The secondary
changes are the result of indirect involvement from nonviable or dysplastic cells, hematological abnormalities (anemia,
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thrombocytopenia, hyperviscosity), or iatrogenic complications (steroids, chemotherapy, bone marrow transplantation,
irradiation, and immunosuppression).'

Ocular involvement in acute leukemia is frequent and can compromise the further functional prognosis. It can also
contribute to indicate the survival prognosis of systemic leukemia.'™ Therefore, many authors have recommended
a detailed ophthalmic evaluation in all patients with acute leukemia.' Despite being the third most common site of
extramedullary lesions, there have been few reports focusing on the rate of ophthalmic manifestations related to acute
leukemia at the time of diagnosis.'* Furthermore, this area has not been investigated in North African population.

Hence, our study aimed to describe ocular findings in newly diagnosed patients with acute leukemia and to assess
their correlation with demographic, clinical, and biological features of the disease. Further, we investigated whether
ocular lesions could predict leukemia prognosis.

Methods

A prospective study was conducted at the Hedi Rais Institute of ophthalmology of Tunis, Tunisia. Newly diagnosed
patients with acute leukemia were recruited between the st of January 2019 and the 31st of July 2020. The study
adhered to the tenets of the Declaration of Helsinki. The study was approved by the Ethics Committee of Aziza Othmana
Hospital. A written informed consent was obtained from all participants above 18 years-old and the parent or legal
guardian of younger patients.

A hematologist-oncologist diagnosed acute leukemia based on bone marrow aspiration results and supportive
immunohistochemical evidence. The exclusion criteria were diabetes, hypertension, acquired immunodeficiency syn-
drome, and pre-existing ocular diseases. We also excluded patients with acute leukemia whose general condition
prevented them from being transferred for ophthalmic examination and patients with a short follow-up < 3 months.

Data gathered included detailed demographic information, leukemia characteristics (type, subtype and treatment), and
hematological parameters. All patients underwent a complete ophthalmic evaluation: best-corrected visual acuity
(BCVA), ocular motility, anterior segment, intraocular pressure, vitreous, and fundus examination. Visual impairment
was defined as a BCVA less than 20/200. All patients went through fundus photographs and spectral-domain optical
coherence tomography (SD-OCT). Fluorescein angiography was performed in patients with leukemic retinopathy.
Evaluation was performed at presentation and every two months during one year.

The ophthalmic manifestations were classified into:

- Primary or direct leukemic infiltration of neoplastic cells including optic disc edema with lumbar puncture indicating
leukemic involvement, exophthalmos and ptosis with consistent imaging.

- Secondary involvement referring to subconjunctival hemorrhage, periorbital ecchymosis, retinal hemorrhage (dot,
blot, flame), sub-hyaloid hemorrhage, dilated/tortuous veins. These lesions are subsequent to bone marrow failure,
hyperviscosity syndrome or treatment side effects.

- Other ocular manifestations which etiopathogenesis is not yet fully understood where primary or secondary
attribution remains unclear. These findings included white-centred hemorrhages (that consists of leukemic cells,
platelet-fibrin aggregates or septic emboli), cotton-wool spots (caused by clusters of cells occluding arterioles),
serous retinal detachment, hemorrhagic pigment epithelial detachment and macular pseudo-hole.

We defined two groups based on the initial ophthalmic findings:

Group 1: Patients with leukemic ophthalmopathy

Group 2: Patients with normal ophthalmic examination.

Statistical analysis

The data was analyzed using Statistical Package for Social Sciences (SPSS) Statistics version 23.0. Descriptive variables were
expressed as frequencies and percentages and quantitative variables ones as mean (SD). Our sample size exceeded n = 30.
Thus, we assumed that our data approached a Gaussian distribution and parametric tests have been used. The Chi-square test
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and Phi correction analyzed the effect of qualitative variables, whereas the unpaired Student’s ¢-test the impact of quantitative
variables on leukemic findings. P-value <0.05 was considered statistically significant. Kaplan-Meier survival curves have
been used to assess the survival of leukemic patients with and without ophthalmic manifestations.

Results

During the period study, 52 consecutive patients with newly diagnosed acute leukemia were hospitalized in the
hematology department. Among them, two patients did not meet the inclusion criteria and three critically ill patients
could not be transferred to the ophthalmology department. Of the 47 patients who underwent initial ophthalmic
examination, one patient passed away two months after the enrollment. Hence, data analysis was performed for 92
eyes of 46 newly diagnosed acute leukemia patients.

Twenty-nine patients (63%) were diagnosed with acute myeloid leukemia (AML) and 17 (37%) with acute lymphoblastic
leukemia (ALL). The mean age at presentation was 32.1+15.3 years (range: 2—58 years). Seven patients (15.2%) belonged to
the pediatric population (less than 16 years old). There were 28 male patients (60.8%) and 18 females (39.2%), defining the
sex-ratio (M/F) at 1.55. The average follow-up was 9.1 months (range: 3—12 months). There was no statistically significant
difference in the mean follow-up between the 2 groups (9.02 and 9.34 in group 1 and 2, respectively; p=0.645).

Ocular manifestations revealed the hematologic disorder in four patients (9%). The presenting signs were: loss of vision in two
patients (4.3%), bilateral periorbital ecchymosis in one patient (2.2%), and unilateral exophthalmos in one child (2.2%). Table 1
shows the demographic characteristics of the population study. Table 2 details the distribution of the subtypes of acute leukemia.

Clinical findings

Ophthalmic evaluation was performed prior to initiation of systemic chemotherapy in only 21 patients (46%). Twenty-five

patients (54%) went through critical condition at the time of diagnosis preventing them from pre-treatment eye examination. The

average duration between the initiation of therapy and the ophthalmologic assessment was 3+3.62 days (range: one to seven days).
At presentation, 28 patients (60.8%) had an impaired ophthalmic examination (group 1). Among them, only 7 (25%)

patients had visual complaints. Ophthalmic involvement was seen in three pediatric patients (6.5%) and four adult

patients (8.7%) (p=0.407). Leukemic ophthalmopathy was bilateral in 23 patients (50%).

Table | Demographic Features of the Study
Population
Total (n = 46)
Diagnosis (n, %)
AML 29 (63%)
ALL 17 (37%)
Mean age (years) 32.1 £ 15.3 [2-58]
Sex (n, %)
Male 28 (60.8%)
Female 18 (39.2%)

Ophthalmic examination

(n, %)
Impaired (Group 1) 28 (61%)
Normal (Group 2) 18 (39%)

Visual complaint (n, %)
Yes 7 (15.2%)
No 39 (84.8%)

Abbreviations: AML, Acute myeloid leukemia; ALL, Acute
lymphoblastic leukemia.
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Table 2 Distribution of the Subtypes of Acute Leukemia

Patients, n (%)
AML 29 (63%)
Mi 6 (13%)
M2 2 (4.3%)
M3 5 (10.9%)
M4 7 (15.2%)
M5 6 (13%)
Mé 1 (2.2%)
Uncategorized (including myeloid sarcoma) 2 (4.4%)
ALL 17 (37%)
Mature B-cell 8 (17.4%)
Pre-T cell 1 (2.2%)
Pre-B cell 2 (4.4%)
Uncategorized 6 (13%)

Abbreviations: AML, Acute myeloid leukemia; ALL, Acute lymphoblastic leukemia.

In group 1, 17 patients (37%) had a decreased BCVA in at least one eye. The average BCVA was 20/32 (range: from
20/400 to 20/20) (Figure 1).

Orbit and anterior segment were involved in 13 eyes (13.5%). We noted subconjunctival hemorrhage in six eyes
(6.5%), bilateral periorbital ecchymosis in two patients (4.3%), bilateral ptosis in one patient (2.2%) and exophthalmos in
one eye (1.1%) (Figure 2).

46 enrolled patients

Group 1 Group 2
28 patients with impaired 18 patients with normal
ophthalmologic examination ophthalmologic examination
(61%) (39%)

7 patients showing signs of . i i
21 patients without signs of

direct tumor infiltration (45.7%)

direct tumor infiltration*

(15.2%)
2 Patients with unilateral | 16 Patients with decreased VA
decreased VA (4.3%) (34.8%): bilateral in 5 patients
7‘ 5 patients with normal VA (10.9%) —1 5 Patients with normal VA (10.9%)

Figure | Diagram showing patients distribution according to the type of ocular involvement and the visual acuity (VA). *Direct tumor infiltration with or without secondary
involvement or other ocular manifestations which etiopathogenesis is not yet fully understood.
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Figure 2 Photographs showing an hemorrhagic chemosis and periorbital ecchymosis in a 7-year-old patient with acute myeloid leukemia. The lesions appeared on the
fourth day of admission and the second day of chemotherapy induction.

Leukemic retinopathy was observed in 23 patients (50%). Retinal hemorrhages were the most prevalent ocular finding (44/
51 eyes; 86.3% of all ophthalmic manifestations). The observed lesions were: superficial and deep retinal hemorrhages in 25
eyes (27.2%), white-centred retinal hemorrhages in 17 eyes (17.7%), sub-hyaloid hemorrhage with foveal involvement in 2
eyes (2.2%), vascular dilation and tortuosity in 16 eyes (16.7%), papilledema in 10 eyes (10.9%), cotton wool spots in 3 eyes
(3.1%) and areas of pigment epithelial damage in 4 eyes (4.2%) (Table 3) (Figure 3).

Tomographic findings
Retinal hyperreflectivity with posterior shading corresponding to retinal hemorrhage was the most common tomographic
sign (27.2%) (Figures 3—4). A serous retinal detachment occurred in four eyes (4.3%) of three patients (6.5%),
hemorrhagic detachment of the pigment epithelium (Figure 4), inner segment-outer segment line rupture, and macular
pseudo-hole in one eye each.

Fluorescein angiography findings

Thirteen patients (28.3%) underwent fluorescein angiography. It revealed hypo-fluorescence with mask effect in 10 eyes
(10.4%), early fluorescein retention with late diffusion corresponding to papillary edema in 10 eyes (10.4%), and pigeon
nest image with mask effect in two eyes with sub-hyaloid hemorrhage (2.2%).

Ocular involvement subtypes
Hence, direct tumor infiltration was observed in 13 eyes (14.1%) of seven patients.
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Table 3 Clinical Eye Findings in the Study Population

Ophthalmic Manifestation Patients, n (%) Eyes, n (%)
Periorbital ecchymosis 2 (4.3%) 4 (4.3%)
Ptosis 1 (2.2%) 2 (2.2%)
Exophthalmos 1 (2.2%) I (1.1%)
Subconjunctival hemorrhage 4 (8.7%) 6 (6.5%)
Superficial and deep retinal hemorrhage 15 (32.6%) 25 (27.2%)
White-centred retinal hemorrhage 10 (21.7%) 17 (18.5%)
Sub-hyaloid hemorrhage 2 (4.3%) 2 (2.2%)
Vascular dilation and tortuosity 9 (19.6%) 16 (17.4%)
Papilledema 6 (13%) 10 (10.9%)
Cotton wool spots 3 (6.5%) 3 (3.7%)
Areas of pigment epithelial damage 3 (6.5%) 4 (4.3%)

Optic disc edema occurred in ten eyes of ten patients (10.9%). In seven cases (7.6%), the cerebral MRI was within
normal limits and the lumbar puncture indicated leukemic involvement. The remaining three patients were critically ill
and expired before cerebral imaging could be performed.

Direct leukemic infiltration resulted in exophthalmos in an 11-year-old child. MRI showed hypervascular intraorbital
process enclosing the optic nerve and invading the rectus muscles and the lacrimal gland. Orbital biopsy was performed;

and histopathology disclosed a myeloid sarcoma. (Figure 5)

Figure 3 (A and B) Fundus photographs of a 47-year-old patient with acute myeloid leukemia showing multiple white-centered hemorrhages along the vascular tree (yellow
arrows) associated with a para-foveolar round hemorrhage in the right eye (yellow star) and a centro-foveolar round hemorrhage in the left eye (red star). (C and D)
Tomographic sections across the macula showing pre-retinal hyperreflective lesions corresponding to the pre-retinal hemorrhages.
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Figure 4 (A) Fundus photography of a 45-year-old patient with acute myeloid leukemia showing a well-limited yellowish lesion on the upper macular surface showing retinal
vessels and multiple flaming hemorrhages along the vascular arcades (B) Tomographic section through the lesion showing an hemorrhagic detachment of the suprafoveolar
pigment epithelium (blue arrow). (C) Removal of the hemorrhagic detachment giving way to atrophic-pigmented lesions with a cicatricial appearance after eight weeks of
treatment (D) Control tomographic section after eight weeks of treatment showing a marked alteration of the pigmentary epithelium and the overlying retinal layers with
a spiculated pigmentary epithelium (red arrow).

Figure 5 (A) Face photograph of an | |-year-old child with myeloid sarcoma presenting with right axial proptosis, and ipsilateral orbital facial swelling. (B) Face photograph
one month after chemotherapy initiation.

Secondary involvement lesions were noted in 27 eyes (29.3%) while ocular manifestations which etiopathogenesis is
not fully understood occurred in 21 eyes (22.8%). Table 4 demonstrates the distribution of different eye findings based on
involvement type and disease subgroups.
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Table 4 Comparison of Ophthalmic Manifestations in Acute Myeloid Leukemia and Acute
Lymphoblastic Leukemia

Acute Myeloid Acute Lymphoid
Leukemia (Eyes, n) | Leukemia (Eyes, n)

Primary ophthalmic involvements 8 5
Disc edema 8 2
Ptosis 0 2
Exophthalmos 0 |

Secondary ophthalmic involvements 20 7
Subconjunctival hemorrhage 2
Periorbital ecchymosis 2 2
Retinal hemorrhage (dot, blot, flame) 20 5
Sub-hyaloid hemorrhage I |
Dilated/tortuous veins 10 6

Ophthalmic involvements which 13 8

etiopathogenesis is not fully understood
White-centred hemorrhages 11 6
Cotton-wool spots 2 |
Areas of pigment epithelial damage 3 |
Serous retinal detachment 3 |
Hemorrhagic pigment epithelial detachment 2 0
Macular pseudo-hole I 0
Inner segment-outer segments line rupture | 0

Abbreviations: AML, Acute myeloid leukemia; ALL, Acute lymphoblastic leukemia.

Correlation study

In the current study, adults were more likely to develop the retinal disorder than children (23/39 and 1/7 in adult and
pediatric groups, respectively, chi-2 = 4.75, p=0.029, Phi correlation=—0.321). Patients diagnosed with AML developed
significantly more secondary ophthalmic manifestations (21/29 and 7/17 in AML and ALL patients, respectively, chi-
2=4.39, p=0.036, Phi correlation=0.308), especially the retinal hemorrhages (19/29 and 5/17 in AML and ALL patients,
respectively, chi-2=5.59, p=0.017, Phi correlation=0.34).

Anemia and thrombocytopenia were highly associated with the occurrence of retinal hemorrhages (mean hemoglobin
rate at 6.7 £+ 2 versus 8.3 + 3.1 g/dl, unpaired t = 2.13, p=0.038 and platelet count at 45,585.7 + 52,398.5 versus98625+
112 056.7 cells/mm3, unpaired t = 2.17, p=0.035, in group 1 and 2 respectively). Anemia was also significantly
correlated with visual impairment (mean hemoglobin rate at 6.2 £ 2.1 versus 8.7 + 2.8 g/dl with a cut-off BCVA of
20/200; unpaired t=2.17, p=0.003).

The presence of direct leukemic infiltration lesions was significantly associated with hyperleukocytosis (mean WBC
count at 140 155 + 168,354 (n=8) versus 39,467 + 69,765 cells/mm> (n=38) in patients with and without direct
infiltration, respectively; unpaired t = 2.79, p = 0.007). However, there was no significant correlation between primary
lesions and mortality rate (3 among 8 deaths during the study period, chi-2=2.72, p = 0.098, Phi correlation = 0.24).

There was no significant association between hematological parameters and white-centred retinal hemorrhage or
cotton wool spots (all p=ns). No statistically significant association was found between eye damage and failure of
chemotherapy induction (p=0.693) neither with hematological relapse (p=0.378). Finally, survival did not differ
significantly regarding the presence or absence of ophthalmic manifestations (Log Rank test: chi-square = 0.079, p =
0.778). Figure 6 represents the Kaplan-Meier survival curves of leukemic patients with and without ophthalmic
manifestations.
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Figure 6 Kaplan-Meier survival curves of leukemic patients in both groups.

At last follow-up, ophthalmic signs resolved in 13 patients treated with chemotherapy and transfusion (46.4% of
group 1). In 15 patients (53.6% of group 1), we did not observe ocular lesions regression despite medical treatment.
Among them, functional visual impairment persisted in six eyes of six patients (21.4% of group 1). It was associated with
macular retinal hemorrhage in three cases (10.7% of group 1), sub-hyaloid hemorrhage in two patients (7.1% of group 1),
and a hemorrhagic pigment epithelial detachment in one patient (3.6% of group 1).

Discussion

We performed an ophthalmic evaluation in 46 Tunisian patients with recently diagnosed acute leukemia and found ocular
involvement in 61% of patients. Gawai et al reported a similar rate (63%).” Some recent studies reported a lower rate,
ranging between 25 and 48% of the studied sample.>*® On the flip side, other authors found it to be as high as 90%.'
Study sampling criteria (age, delay of examination, or type of hemopathy) could explain this disparity between studies.

The incidence of ophthalmic manifestations might also change if there is a distinction between leukemic cells primary
infiltration and secondary ocular changes. Primary involvement is a rare finding in most studies. Indeed, it was reported
in 2.3% and 7.3% of newly diagnosed patients with acute leukemia in Iranian and Indian populations, respectively.*’
However, in the current study, direct tumor infiltration was far more prevalent, affecting 15.2% of our patients. This
higher rate is consistent with other African studies and could be attributable to late diagnosis and management due to
limited health care resources. '’

Furthermore, autopsy documentations highlighted that primary involvement would be underestimated. According to
Leonardy et al, leukemic cells infiltrate 31.1% of tissue sections of the eyes.''

Regarding neuro-ophthalmic signs of CNS leukemia, we noted disc edema in 21.7% of our patients. Disc edema is
either attributed to cellular infiltration of the nerve itself'* or increased intracranial pressure due to hemorrhagic tendency
and renal dysfunction."? In the current study, seven out of ten patients with disc edema underwent lumbar puncture which
disclosed leukemic involvement. Neuro-ophthalmic manifestations of leukemia may reveal the diagnosis, indicate
a recurrence, or point to a CNS involvement. Due to their correlation with poor prognosis, an appropriate change in
therapeutic regimen is often required."*

Leukemic cells can infiltrate all orbital structures.'® In the series of Gawai et al, the most common primary orbital
manifestation was exophthalmos (42.85%).” He also reported bilateral lacrimal gland involvement in one patient. In our
study, primary orbital involvement affected two patients (4.3%): bilateral ptosis in one patient, and exophthalmos in an
11 year-old-child. The latter was associated with myeloid sarcoma.
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Secondary involvements are the most common manifestation of acute leukemia (43.8% in Koshy et al study,’ 29.3%
in our study), retinal hemorrhages being the most prevalent expression (88.8% of all ocular findings in Mirashi et al
study,* 86.3% in our study). Involving nerve fiber layer, deeper layers, sometimes centered by a white component, or
extending into the subretinal space or retro-hyaloid area, retinal hemorrhages seem to reflect the general clinical
picture.'? In our study, retinal hemorrhages were particularly associated with AML similarly to studies by Koshy et al,’
Reddy et al’ and Omoti et al.'®

As in other studies,*!”"!8

anemia and thrombocytopenia appeared to significantly increase the occurrence of retinal
hemorrhages (respectively p=0.038 and p=0.035). It is suggested that local factors such as anatomical vascular retinal
arrangement or high intraocular pressure would contribute to retinal hemorrhage development.'® Soman et al noticed that
the hemoglobin level improvement from 5 to 7 g/dL reduced the risk of having sub-hyaloid hemorrhages, and
maintaining platelet counts above 50,000 cells/mm® decreased the risk of ophthalmic manifestations.”

In our paper, adults were more likely to have leukemic retinopathy than children. This finding was similar to the
results of Reddy and Orhan studies.>*® The possible age-related vascular fragility predisposing to more retinal damages
could explain this difference.'*

Although retinopathy is the most commonly reported clinical expression, the choroid seems to be the most frequently
involved site in autopsy-based studies."”'* In our cohort, we recorded serous retinal detachment in four eyes of three
patients and pigment epithelial detachment in one eye.

As for other ocular manifestations where primary or secondary attribution remains unclear, pseudo Roth hemorrhages
are usually associated with acute leukemia but not pathognomonic.>® White-centred retinal hemorrhages histological
analysis showed the white component as platelet-fibrin aggregates, leukemic cells, debris, or septic emboli." Cotton-wool
spots can either be indicative of direct leukemic infiltration or represent clusters of nonviable or dysplastic cells
occluding arterioles.' These lesions were frequently described in patients with anemia.?! In our study, we found no
significant association between hemoglobin level and cotton-wool spots.

The current research showed a unilateral macular pseudo-hole in a 42-year-old male patient with AML. To the best of
our knowledge, this association has not been described in the literature. Yet, other publications reported vitreo-macular
traction resulting in macular hole and macular pseudo hole in chronic myeloid leukemia.?*** Hence, we cannot exclude
the hypothesis that macular pseudo-hole could be a coexisting sight-threatening lesion regardless of acute leukemia.

Several studies have evaluated the relationship between the presence of ocular manifestations and survival rates.
Mirashi et al have documented that ophthalmic involvement was associated with higher rates of death on the first day
after diagnosis,4 The ophthalmic presentation seems to be a poor prognostic sign.“’21’24’25 A study comparing the 5-year
survival rate between patients with and without ophthalmic manifestations has concluded a significantly lower survival
for the group of ocular involvement.*® In the current study, the mortality rate did not significantly differ between the two
groups. However, the short duration of follow-up can explain this difference. Another limitation of our work is the
monocentric character, which could not allow having a larger sample.

Owing to leukemia’s poor vital prognosis, hematologists, internists, and pediatricians tended to neglect ophthalmic
manifestations. With evolving diagnostic and therapeutic advances, the survival of patients has considerably improved
which led to an increase in the variability of ophthalmic presentations. In view of the high rate of asymptomatic ocular
involvement in our study (21/28 patients; 75%) consistent with literature review, we highly recommend ophthalmic
screening in acute leukemia especially in AML and in patients with anemia, thrombocytopenia or hyperleukocytosis.
Therefore, the role of ophthalmologists should be upgraded among members of leukemia management team.

Disclosure
Dr Hend Benneji reports personal fees from abbvie, outside the submitted work. The authors report no other conflicts of
interest in this work.
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