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ABSTRACT

Introduction: Acute leukemia often affects
microcirculation perfusion. This study aimed to
investigate retinal microvascular changes in
patients with acute leukemia without retinopa-
thy during clinical remission using optical
coherence tomography angiography (OCTA)
and to determine the correlation of these
changes with systemic laboratory values.

Methods: Thirty-eight patients in remission
from acute leukemia with no retinopathy (NLR
group) and 36 age-matched healthy individuals
(control group) were included in this cross-sec-
tional study. OCTA parameters, including the
central foveal thickness (CFT), foveal avascular
zone (FAZ) area, FAZ perimeter, acircularity
index (AI), foveal density (FD300), and the
vessel densities (VDs) of the superficial capillary
plexus (SCP), deep capillary plexus (DCP), and
choriocapillaris were analyzed in a 6 9 6 mm2

macular scan. Correlation and multiple linear
regression analyses were conducted to identify
potential systemic characteristics associated
with these OCTA metrics.
Results: AI (P = 0.034) and FD300 (P\ 0.001)
differed significantly between the NLR and
control groups. The VD of SCP in the parafovea
(P = 0.001) and of DCP in both the parafovea
(P = 0.011) and perifovea (P = 0.001) were sig-
nificantly lower in the NLR group than in the
control group. In a multiple linear regression
analysis, the reduced VD of the perifoveal DCP
was significantly correlated with the increased
international normalized ratio (standardized
beta [STD b] = - 0.356; P = 0.047).
Conclusions: Macular microvascular changes
can be observed during remission from acute
leukemia antecedent to clinically visible retinal
lesions. Hematological disturbances may be
associated with microvascular impairments in
preclinical leukemic retinopathy.
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Key Summary Points

Why carry out this study?

Acute leukemia often involves the eye.
Clinically, retinopathy is the most
common ophthalmic manifestation of
acute leukemia. However, little is
known about the alterations in the retinal
microvascular network at different layers
of capillary plexus. Detection of retinal
microvascular changes might shed light
on the pathogenesis of leukemic
retinopathy.

We aimed to quantitatively detect
microvascular impairments in patients
with acute leukemia remission without
retinopathy using optical coherence
tomographic angiography (OCTA). We
also investigated the association between
systemic factors and these changes.

What was learned from the study?

In this cross-sectional study, patients in
remission from acute leukemia with no
retinopathy had significantly higher
acircularity index (AI), lower foveal
density (FD300), and lower vessel density
(VD) than the healthy controls. Besides,
the reduced VD was significantly
correlated with the increased
international normalized ratio in patients
with acute leukemia.

In conclusion, findings of this study
demonstrate that OCTA can detect
macular microvascular impairments in
remission from acute leukemia. The
retinal perfusion deficits may be related to
the hematological abnormalities of
patients.

INTRODUCTION

Acute leukemia often involves the eye, and the
ophthalmic involvement is more commonly
present in acute naı̈ve leukemic phase than in
remission [1, 2]. Clinically, retinopathy is the
most common ophthalmic manifestation of
acute leukemia [2], with a prevalence of 28–80%
during the course of the disease [3–8]. Leukemic
retinopathy has a diverse range of presenta-
tions, including retinal or vitreous hemorrhage,
often with Roth spots, venous tortuosity and
dilation, microaneurysms, and cotton-wool
spots [1, 9]. Until now, these presentations have
not been described as signs of relapse or recur-
rence after acute leukemia remission [10]. Ear-
lier studies have revealed that subclinical
microvascular disturbances including the
decreased capillary flow velocity and the
increased capillary stagnation can be found in
nailfold [11] and sublingual microcirculation
[12] in leukemia. However, little is known about
the alterations in the retinal microvascular
network at different layers of capillary plexus.
Detection of retinal microvascular changes
might shed light on the pathogenesis of leu-
kemic retinopathy.

The eye provides a window through which
the impact of leukemia on vascular structure
can be viewed directly in vivo. Optical coher-
ence tomographic angiography (OCTA) is a
noninvasive imaging technique that allows the
precise visualization of the retinal microvascu-
lature [13], and it is a promising method of
detecting early retinal microvascular impair-
ment in a variety of diseases including diabetes
[14] and Alzheimer’s disease [15]. To date, there
have been a few studies on revealing patholog-
ical retinal blood flow loss via OCTA in remitted
chronic myelogenous leukemia (CML) [16] and
active acute leukemia [8]. Nevertheless, the
available literature is limited to case reports
[16, 17] and one study with small sample sizes
[8]. Besides, none of these articles have exam-
ined the hemodynamics of the retinal micro-
circulation without clinically visible
retinopathy in patients with acute leukemia in
clinical remission.
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In this study, we quantitatively detected
microvascular impairments not seen on clinical
examination in patients with acute leukemia
remission without retinopathy using OCTA. We
also investigated the association between sys-
temic factors and these changes. The study
aimed to promote better understanding of the
pathogenesis of leukemic retinopathy. We also
aimed to preliminarily explore the retinal
microcirculatory changes in patients with acute
leukemia in remission, and hoped to provide
some clue to the effects of treatments in the
remission induction and maintenance phase on
the retina.

METHODS

This study was approved by the Ethical Com-
mittee of Peking University People’s Hospital
(2020PHB276). All procedures were performed
in accordance with the tenets of the Declaration
of Helsinki of 1964 and its later amendments.
All participants signed informed consent forms
before research.

Participants

In this cross-sectional study, 38 patients in
remission from acute leukemia without clinical
signs of leukemic retinopathy (no leukemic
retinopathy [NLR] group) and 36 age-matched
healthy subjects (control group) were recruited
from the Department of Ophthalmology, Pek-
ing University People’s Hospital, Beijing, China,
between September 2020 and March 2023.

We diagnosed acute leukemia with bone
marrow aspirate based on a combination of
morphological, immunophenotypic, cytoge-
netic, and molecular genetic tests according to
the French–American–British (FAB) criteria and
the World Health Organization (WHO) classifi-
cation [18, 19]. Acute myeloid leukemia (AML)
was defined by the presence of C 20% myeloid
blasts in peripheral blood or bone marrow, or
the presence of recurrent genetic abnormalities.
Acute lymphoblastic leukemia (ALL) was
defined by the presence of C 20% lymphoblasts
in peripheral blood or bone marrow. In this
study, patients with acute leukemia were

referred from Peking University Institute of
Hematology for routine ocular examinations
before hematopoietic stem-cell transplantation
(HSCT). Medications for the patients were used
in two main treatment phases: induction and
maintenance of remission. For patients with
AML, ‘‘7 ? 3’’ scheme (cytarabine 100 mg/
m2/day for 7 days and daunorubicin 60 mg/
m2/day for 3 days) was standardly used for
induction and high doses of cytarabine with
3 g/m2/12 h for six doses for maintenance.
There were a variety of medications to treat ALL.
For Ph-–ALL, the induction chemotherapy
included regimens such as VDCLP (V, vin-
cristine; D, daunorubicin; C, cyclophos-
phamide; L, L-asparaginase; P, prednisone),
VDCP, VDLP or VDP; the consolidation
chemotherapy mainly included CAM (cy-
clophosphamide, cytarabine and 6-mercaptop-
urine) or high doses of methotrexate (1–5 g/
m2). For Ph?–ALL, imatinib plus VDCP were
applied for induction; CAM, methotrexate plus
6-mercaptopurine and imatinib were for main-
tenance. The age-matched controls were
recruited from among the healthy population
that visited our department for regular oph-
thalmic examinations. We only enrolled the
right eye of each subject in this article. All the
leukemic patients included were examined in
the complete remission phase, which was
defined as\5% bone-marrow blasts, no circu-
lating blasts, and no extramedullary disease.
The exclusion criteria were as follows: (1)
age[70 years; (2) patients with leukemic
retinopathy on clinical examination or fundus
imaging; (3) subjects with known ocular disor-
ders such macular degeneration, optic nerve
disorders, glaucoma, uveitis, or high myopia
(\- 6 diopters); (4) intraocular pressure
(IOP)[ 21 mmHg; (5) history of ocular surgery
other than cataract surgery; and (6) patients
with history of systematic diseases which could
impair the retina or choroid other than
leukemia.

Clinical Parameters

Comprehensive ophthalmological examina-
tions were performed in all participants. These
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included measurements of best-corrected visual
acuity (BCVA; converted to logMAR score), slit-
lamp biomicroscopy of the anterior and poste-
rior segments, intraocular pressure (IOP) mea-
sured using a non-contact tonometer, and color
fundus photography of macula. None of the
patients with acute leukemia in the NLR group
were found to have any sign of retinopathy
according to the fundoscopic examinations and
fundus photographs.

Clinical and demographic data on age, sex,
body mass index (BMI), type of diagnosis, and
treatment were obtained from the medical
records for each participant. Besides, we also
collected the following laboratory test results
from peripheral blood samples: white blood cell
count (WBC), red blood cell count (RBC),
hemoglobin, platelet count, fibrinogen, cross-
linked fibrin degradation products (D-dimer),
and international normalized ratio (INR). We
took blood samples of each patient on the same
day as eye screening.

OCTA Examination

All OCTA examinations with the AngioVue
OCTA system (ver. 2017.1.0.151; RTVue-XR
Avanti; Optovue, Fremont, CA, USA) were per-
formed after pupillary dilation in a dark room
with split-spectrum amplitude decorrelation
angiography (SSADA) algorithm. This system
operates at 70,000 A-scans/s in a 6 9 6 mm2

square scan around the fovea. The central foveal
thickness (CFT), which was defined as the
average thickness of the retina within a foveal
ring 1 mm in diameter, was collected. Vessel
density (VD) represented the proportion of the
region occupied by blood vessels in the area of
interest. Superficial capillary plexus (SCP) and
deep capillary plexus (DCP) were automatically
segmented with the built-in software segmen-
tation algorithm (Fig. 1) [20]. The SCP slab was
located between the internal limiting mem-
brane (ILM) and 10 lm above the inner plexi-
form layer (IPL), whereas the DCP slab
comprised the blood vessels from 10 lm above
the IPL to 10 lm below the outer plexiform
layer (OPL). The foveal region was defined as
the area within a central circle with a 1 mm

diameter; the parafoveal area was an annulus
around the fovea with 1 and 3 mm inner and
outer ring diameters, respectively; and the per-
ifovea represented the region of the outer
annulus beyond the parafovea with a 6-mm
diameter. The VD of the choriocapillaris was
calculated as the ratio of the flow area within a
circle of radius 1 mm around the fovea [21, 22].

The foveal avascular zone (FAZ) was defined
as the avascular area in the center of the fovea.
FAZ area and perimeter were also evaluated
based on the retinal slab, with automated
detection of the FAZ boundary using AngioVue
software. The acircularity index (AI) of FAZ was
the ratio of the FAZ perimeter divided by the
perimeter of a circle with the area which was
equal to FAZ area [23]. The foveal density
(FD300) was the VD within a 300-lm region
surrounding FAZ [24]. All OCTA measurements
were made three times, then the best-quality
measurement was used for final analyses. The
projection artifacts were removed by the built-
in algorithm of AngioVue system.

Statistical Analysis

All data analyses were performed with SPSS
25.0. The Shapiro–Wilk test was applied to
evaluate the normal distribution of the quanti-
tative parameters. The differences in the base-
line characteristics and structural parameters
were compared between the NLR and control
groups with an independent-samples t test
(parametric)/Mann–Whitney U test (nonpara-
metric) for continuous variables and a v2 test for
categorical variables. Spearman’s correlation
was used to examine the correlation between
the OCTA metrics and serum parameters. Fur-
ther multiple linear regression analyses were
also conducted using the OCTA parameters of
the macular microvasculature to model the
potential associations between the ocular and
systemic factors. In all analyses, P values\0.05
were considered statistically significant.

RESULTS

Thirty-eight patients with acute leukemia and
36 healthy controls were included in the study.
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The demographic and clinical features of the
NLR and control groups are given in Table 1.
Compared with the control group, the levels of
WBC, RBC and hemoglobin in the NLR group
were significantly decreased (all P\0.001). No
significant difference in age, sex, BMI, BCVA,
IOP, platelet count, INR, fibrinogen level, or D-
dimer level was observed between two groups
(all P[0.05). In the NLR group, 14 patients
were diagnosed with ALL and another 24
patients with AML. Morphologically, all the 24

AML cases were categorized as M1 (n = 2), M2

(n = 11), M4 (n = 6), and M5 (n = 5). Fourteen
ALL cases were categorized as L1 (n = 8) and L2
(n = 6). Most patients were in their first com-
plete remission (CR1, n = 34). For patients in
CR1, the median time from diagnosis to remis-
sion was 79 days (range 32–158 days). The
median time between patients entering CR1
and being included in the study was 115 days
(range 70–168 days).

Fig. 1 Optical coherence tomographic angiography
(OCTA) images (6 9 6 mm2) of the right eye of a
42-year-old woman in remission from acute myeloid
leukemia (AML) with no clinically detectable retinopathy.
En face OCTA images of the superficial capillary plexus
(SCP; A) and the deep capillary plexus (DCP; B) were
generated. The cross-sectional B-scan with flow C shows
the segmentation boundaries of SCP (from the red line to

the green line) and DCP (from the green line to the blue
line). The internal limiting membrane (ILM) is a thin film
between the neural retina and the vitreous body. The inner
plexiform layer (IPL) is where retinal ganglion cells synapse
with amacrine and bipolar cells. The outer plexiform layer
(OPL) is where the synaptic terminals of photoreceptors
synapse with horizontal and bipolar cells
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The structural parameters in the NLR and
control groups are compared in Table 2. There
was no significant difference in CFT between
controls and the NLR group (P = 0.650). For FAZ
parameters, FAZ area (P = 0.494) and perimeter
(P = 0.760) were similar in two groups, whereas
AI was significantly higher in patients with
acute leukemia than in controls (P = 0.034).
FD300 decreased significantly in the NLR group
(P\0.001). In SCP, only the parafoveal VD
showed a significant increase in the NLR group
than in controls (P = 0.001). In DCP, the NLR
group showed significantly lower VD in paraf-
ovea (P = 0.011) and perifovea (P = 0.001)

compared with healthy controls. Reductions in
VD in the other area of SCP and DCP were also
observed in acute leukemia, although the dif-
ferences were not statistically significant (all
P[ 0.05). No significant difference was
observed in VD of the choriocapillaris between
the NLR group and control group (P = 0.079).

Figure 2 shows the Spearman’s correlation
coefficients for retinal microvasculature param-
eters and systemic characteristics of the NLR
group. The lower parafoveal VD in SCP was
significantly associated with a lower BMI
(q = 0.385; P = 0.017), but with a higher level of
INR (q = - 0.355; P = 0.029). VD of DCP in

Table 1 Demographic and clinical characteristics of the NLR and control groups

Characteristics NLR group (n = 38) Control group (n = 36) P value

Age, years 29.26 ± 14.65 33.97 ± 11.14 0.125a

Sex, n (%) 0.790b

Female 21 (55.2) 21 (58.3)

Male 17 (44.7) 15 (41.7)

BMI, kg/m2 22.16 ± 3.23 22.20 ± 2.04 0.949a

BCVA, logMAR 0.01 ± 0.09 0.01 ± 0.06 0.989c

IOP, mmHg 15.50 ± 2.79 15.28 ± 3.30 0.957c

Diagnosis, n (%)

ALL 14 (36.8) NA NA

AML 24 (63.2) NA NA

WBC/(109/l) 3.69 ± 2.21 6.79 ± 1.38 \ 0.001c

RBC/(1012/l) 3.14 ± 0.73 4.61 ± 0.41 \ 0.001a

Platelets/(109/l) 213.71 ± 87.97 277.18 ± 66.63 0.072a

Hemoglobin/(g/l) 98.34 ± 21.67 142.45 ± 13.35 \ 0.001a

INR 1.05 ± 0.09 1.01 ± 0.04 0.128a

Fibrinogen/(mg/dl) 322.50 ± 98.71 287.45 ± 62.34 0.353a

D-Dimer/(ng/ml) 230.68 ± 104.32 150.45 ± 22.93 0.829c

Bold values indicate statistical significance (P\ 0.05)
NLR patients with acute leukemia remission with no clinically detectable retinopathy, BMI body mass index, BCVA best-
corrected visual acuity, IOP intraocular pressure, ALL acute lymphoblastic leukemia, AML acute myeloid leukemia, NA not
applicable, WBC white blood cell count, RBC red blood cell count, INR international normalized ratio
aIndependent-samples t test
bv2 test
cMann–Whitney U test
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parafovea showed significant positive correla-
tions with age (q = 0.365; P = 0.024) and D-
dimer level (q = 0.383; P = 0.018), and a signif-
icant negative correlation with INR
(q = - 0.425; P = 0.008). The increase in VD in
perifoveal DCP correlated significantly with the
increase in age (q = 0.338; P = 0.038) and the
level of D-dimer (q = 0.368; P = 0.023), but the
decrease in INR (q = - 0.507; P = 0.001).

In the multiple linear analyses of these three
significantly differing OCTA parameters, only
VD of the perifoveal DCP showed significant
associations between systemic factors and was
significantly associated with INR (standardized
beta [STD b] = - 0.356; P = 0.047) (Table 3).

DISCUSSION

In the study, we assessed the macular micro-
circulatory manifestations in patients with
acute leukemia without retinopathy during
clinical remission using OCTA. We found that

patients in remission from acute leukemia with
no retinopathy had significantly higher AI,
lower FD300, lower VD of SCP in the parafovea,
and lower VD of DCP in both the parafovea and
perifovea than the healthy controls. Besides, the
reduced VD of the perifoveal DCP was signifi-
cantly correlated with the increased INR in
patients with acute leukemia. Given that this is
a cross-sectional study, the OCTA alterations
may not initially occur during remission, but
rather earlier in the course of the disease. Future
cohort studies are needed to report the total
duration of leukemia in study patients (even
their baseline status before initial treatment).

Given that the dimensions of FAZ area cor-
relate with the extent of capillary nonperfusion
[25], there has also been increasing evidence
indicating the deformation of the FAZ bound-
ary to be one of the earliest features of
microvascular impairments [26, 27]. In our
study, although the FAZ area in the NLR group
was similar to that in controls, a higher AI was

Table 2 Comparison of structural parameters in the NLR and control groups

Parameters NLR group (n = 38) Control group (n = 36) P value

FAZ area, mm2 0.30 ± 0.12 0.32 ± 0.10 0.494a

FAZ perimeter, mm 2.12 ± 0.40 2.15 ± 0.36 0.760a

Acircularity index 1.11 ± 0.04 1.09 ± 0.02 0.034a

FD300, % 48.34 ± 8.42 55.29 ± 3.85 \ 0.001b

CFT, lm 242.32 ± 19.27 244.16 ± 15.05 0.650a

VD of SCP (fovea), % 17.79 ± 8.91 17.91 ± 7.09 0.950a

VD of SCP (parafovea), % 49.13 ± 4.75 52.55 ± 3.38 0.001a

VD of SCP (perifovea), % 49.32 ± 3.78 50.17 ± 3.30 0.311a

VD of DCP (fovea), % 32.51 ± 10.22 34.13 ± 8.00 0.451a

VD of DCP (parafovea), % 52.30 ± 5.12 55.18 ± 4.34 0.011a

VD of DCP (perifovea), % 42.91 ± 7.80 49.02 ± 7.14 0.001a

VD of choriocapillaris, % 64.99 ± 5.10 66.91 ± 4.10 0.079a

Bold values indicate statistical significance (P\ 0.05)
NLR patients in remission from acute leukemia with no clinically detectable retinopathy, FAZ foveal avascular zone, FD300
foveal density in a 300-lm region around the FAZ, CFT central foveal thickness, VD vessel density, SCP superficial capillary
plexus, DCP deep vascular complex
aIndependent-samples t test
bMann–Whitney U test
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observed in the NLR group, consistent with the
previous study [8]. The findings support the
notion that the irregularities in the FAZ margin
precede FAZ enlargement in acute leukemia.
Although the pathogenesis of leukemic
retinopathy remains unclear, the main oph-
thalmic manifestations of leukemic involve-
ment are believed to result from direct leukemic
infiltration or indirect hematological abnor-
malities of leukemia [1]. Leukemia could influ-
ence the retina through a similar mechanism.
Therefore, the possible explanations of the

irregularities in the FAZ borders may involve
uneven capillary dropout [23], vascular remod-
eling [28] and capillary closure [29] in the leu-
kemic retina, which result from the
hematological disturbances of acute leukemia
such as severe anemia, thrombocytopenia and
hyperviscosity [1]. In addition, a recent study
found that the ratio of the inner nuclear layer
(INL)-free zone area to the FAZ area could have
higher accuracy in diagnosing nonproliferative
diabetic retinopathy than the traditional mea-
surements of the FAZ area [30]. The emergence

Fig. 2 Correlation analysis of the retinal microvascular
parameters and systemic characteristics in patients in
remission from acute leukemia with no retinopathy. The
color scale indicates Spearman’s correlation coefficient (q):
positive values (blue) indicate a positive correlation and
negative values (red) indicate a negative correlation. The
darker the shading, the stronger the correlation. *P\ 0.05,

**P\ 0.01, ***P\ 0.001 for pairwise comparisons. FAZ
foveal avascular zone, AI acircularity index, FD300 foveal
density in a 300-lm region around the FAZ, VD vessel
density, SCP superficial capillary plexus, DCP deep
vascular complex, BMI body mass index, WBC white
blood cell count, INR international normalized ratio
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of more advanced quantitative FAZ metrics may
better highlight microvascular changes occur-
ring in acute leukemia and point out possible
new biomarkers.

As well as the shape and size of FAZ, VD has
also been involved in clinical practice for the
quantification of capillary nonperfusion.
Although CFT was similar between groups in
this study, VD of SCP in parafovea and of DCP
in both parafovea and perifovea were signifi-
cantly reduced in acute leukemia than in con-
trols. FD300 was also significantly decreased in
acute leukemia. The reasons of the observed
microvascular changes remain unclear. The
possible explanation may be that the hypervis-
cous state secondary to the initial leukocytosis
[31, 32] could lead to microvascular obstruction
and hypoxic tissue [33], thus inducing micro-
circulation impairments. Besides, this increased
viscosity could also contribute to the reduction
in the blood flow velocity, which may be below
the threshold of detection with OCTA and
therefore undetectable by the current OCTA
technology [34]. Previously reported findings

have demonstrated that cytoreductive surgery
could reduce the whole blood viscosity and
increase the velocity of the retinal venous blood
[35–37], which in turn suggests that increased
viscosity contributes to abnormalities in the
microcirculation. In this context, the negative
relationship between VD and INR in the present
study may also result from the hyperviscosity in
patients with leukemia, because the increased
viscosity state not only reduces the microvas-
cular perfusion, but also enhances the risk of
disseminated intravascular coagulation, which
manifests with increased INR [38].

Recently, Cicinelli et al. evaluated the retinal
microcirculation in 12 patients with acute leu-
kemia in the active phase [8]. They found that
only VD of SCP in parafovea was significantly
reduced in active acute leukemia, whereas no
significant differences were observed in the VD
of DCP or the optic nerve in these patients.
However, in the present study, the VD of DCP
in parafovea and perifovea also significantly
decreased in 38 patients in remission from acute
leukemia. This discrepancy is hypothesized to

Table 3 Multiple linear regression models of significant macular microvascular parameters (dependent variables) and factors
that differ significantly in correlation analyses (independent variables) in patients in remission from acute leukemia with no
retinopathy

B 95% CI Standardized b P value

VD of SCP (parafovea)

BMI 0.322 - 0.185 to 0.829 0.221 0.206

INR - 14.053 - 32.332 to 4.226 - 0.267 0.128

VD of DCP (parafovea)

Age 0.058 - 0.078 to 0.195 0.167 0.390

INR - 18.507 - 39.338 to 2.325 - 0.327 0.080

D-Dimer 0.003 - 0.005 to 0.011 0.113 0.490

VD of DCP (perifovea)

Age 0.110 - 0.089 to 0.308 0.206 0.270

INR - 30.709 - 61.023 to – 0.394 - 0.356 0.047

D-Dimer 0.005 - 0.007 to 0.017 0.126 0.421

Bold values indicate statistical significance (P\ 0.05)
VD vessel density, SCP superficial capillary plexus, DCP deep vascular complex, BMI body mass index, INR international
normalized ratio, CI confidence interval
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be secondary to the difference in duration of the
disease course [2]. In the previous study, 12
patients with active acute leukemia were
enrolled, 11 (91.7%) of whom were newly
diagnosed and had not yet been treated. How-
ever, the patients included in our study had all
achieved clinical remission after chemotherapy
and had experienced leukemia for a longer
period. A longer period of disease may increase
the duration and extent of the retinal damage
caused by leukemia [39]. Moreover, the remis-
sion phase was defined as\ 5% bone-marrow
blasts and no circulating blasts, which does not
imply hematological normalization and the
complete resolution of retinal changes. There-
fore, the patients in remission in the present
study may have experienced more profound
disturbances of the microcirculatory hemody-
namics of the retina than the newly diagnosed
patients in the study of Cicinelli et al. Interest-
ingly, our study our study indicates that the
reduced VD of the perifoveal DCP was signifi-
cantly associated with the increased INR in
remitted acute leukemia, while Cicinelli et al.
found that the lower parafoveal VD of SCP was
related to lower WBC and lower platelets in
active acute leukemia. The medications used in
remission and the abnormal liver function may
cause the microcirculatory difference between
the active phase and the remission state. Espe-
cially, methotrexate, often used in remission,
could affect both the hemostatic system [40]
and the retina [41, 42]. Besides, the serum
aspartate aminotransferase level of the patients
in the study reached 42.95 ± 12.83 U/l (slightly
higher than the normal range: 15–40 U/l), while
the abnormal liver function also has harmful
effects on coagulation function and microcir-
culation [43]. Further longitudinal studies with
larger cohorts are required to provide better
understanding of the pathogenesis of the retinal
microvascular changes associated with the
remission of acute leukemia.

This is the first study to use OCTA to quan-
tify the microcirculation impairment in
patients with acute leukemia remission without
retinopathy. The study has several limitations.
Firstly, the sample size of the study is relatively
small, given that acute leukemia is a relatively
rare disease. Secondly, although OCTA provides

detailed assessments of microvascular impair-
ments at the posterior pole, there is a lack of
evaluation of the more peripheral retina in
leukemia due to the small scanning range.
Besides, although some of the OCTA imaging
artifacts of SCP were removed through the built-
in artifact-removal algorithm, the artifacts
might still possibly affect the detection of the
DCP flow. Moreover, due to the device con-
straints, there is a lack of data regarding the
thickness of macular layers to assess if OCTA
changes of DCP are just a vascular flow reduc-
tion or if these changes are also associated with
the structural impairment of the retina. In
addition, given the existence of the detection
threshold of OCTA, the nonperfusion area
defined by OCTA in the study might actually be
caused by slow or turbulent flow, rather than
real nonperfusion [27]. Last but not least, it is
not possible to explain whether OCTA changes
are due to the drugs (used for induction and
remission) or leukemia. To solve this problem, a
further study can be planned with naive
patients at the time of diagnosis of acute
leukemia.

CONCLUSIONS

In conclusion, findings of this study demon-
strate that OCTA can detect macular microvas-
cular impairments in remission from acute
leukemia in the absence of clinical findings on
examination. The retinal perfusion deficits may
be related to the hematological abnormalities of
patients. We recommend patients in remission
to detect retinal microvascular changes via
OCTA, which may preliminarily provide some
clue to the effects of the drugs (used for induc-
tion and remission) and leukemia itself on the
retinal microcirculation. Further research is
required to provide better understanding of the
benefits and limitations of OCTA in detection of
retinal microcirculation in patients with leuke-
mia. Besides, more advanced quantitative met-
rics should be used in future studies.
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