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cortex in patients with retinal vein occlusion: a resting-state fMRI
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Background: To investigate the differences of spontaneous functional connectivity (FC) of the primary
visual cortex (V1) between patients with retinal vein occlusion (RVO) and healthy controls (HCs) using
resting-state functional magnetic resonance imaging (rs-fMRI) data.

Methods: Twenty-one patients with RVO in total (11 males, 10 females) and 21 HCs similarly analogue in
age and sex background were enrolled and inspected with rs-fMRI. The difference in FC of V1 between two
groups were compared using two-sample t-test. We used the receiver operating characteristic (ROC) curve
to distinguish average FC values of RVO subjects from HCs. The interrelationships between FC signals of
specific cerebrum regions and clinical features in RVOs were assessed with the Pearson’s correlation analysis.

Results: Compared with HCs, FC in left V1 and right middle frontal gyrus increased significantly in RVO
group, while FC in left V1 and right cuneus decreased significantly. Meanwhile, patients with RVO presented
increased FC between the right V1 and right middle frontal gyrus, right superior frontal gyrus, but declining
FC between right V1 and right cuneus. The mean FC value between the right cuneus and the right V1 as
well as the left V1 were negative correlated with the foveal thickness of RVO patients. ROC curve analysis of
each brain regions showed the accuracy of AUC was excellent.

Conclusions: RVO involves aberrant FC in V1 in different brain areas including visual-related and
cognitive-related region, which might assist to unveil the underlying neural mechanisms of impaired visual
function in RVO.
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Introduction

Retinal vein occlusion (RVO) is a general retinal vascular
disease with latent threatening to vision, which can
be categorized into branch RVO and central RVO
contingent on the affected vein obstruction (1). Previous
epidemiological studies reveal that RVO is the 2™ frequent
retinal vessel disorder following diabetic retinopathy leading
to visual impairment and the prevalence vary from 0.5%
to 2.1% of the middle age and old age group (2-4). RVO
generally occurs unilaterally and exhibits diverse variations
on the degrees of severity, which is ordinarily characterized
by deep and superficial intraretinal haemorrhages, varying
degrees of retinal venous congestion and tortuosity,
cotton wool spots and cystoid macular oedema (5). Retinal
ischemia, which might be complicated by RVO, often
lead to a poor prognosis and potentially promote other
complications (6-8), such as vitreous hemorrhage, retinal
neovascularization, and neovascular glaucoma. The systemic
risk factors of RVO vary from typical atherosclerosis to
others as hypertension, diabetes mellitus, dyslipidemia
and cerebral stroke, and the main treatments for RVO
include the laser, steroid, and anti-VEGF (9,10). Routine
ocular examinations for RVO include fundus fluorescein
angiography (FFA) and optical coherence tomography
(OCT) (11), which simply focus on the alterations of fundus
itself, while the neuroimaging detection remain rarely.
The investigation of RVO-related brain processes through
neuroimaging is a new aspect in visual neuroscience which
may help to reveal the potential mechanisms (12,13).
Resting-state functional magnetic resonance imaging
(rs-fMRI), a noninvasive neuroimaging technique depend
on analyzing cerebral blood flow and metabolism, has
been developed increasingly and enabled researchers to
inspect functional alterations of specific brain area at rest
state (14). Among those analysis methods used for rs-
fMRI, seed-based functional connectivity (FC) analysis
where the correlation coefficients between the average
blood oxygen level-dependent (BOLD) time series of a
predetermined cerebral area and that of each voxel or
other pre-selected seeds in the brain are calculated, is
the most extensively used technique on account of its
sensitive, straightforward, and easily elucidated to provide
insights into neural interactions (15). The FC analysis has
been successtully used for discovering the intrinsic neural
changes in some visual-related diseases, and many recent
studies have demonstrated that abnormal spontaneous
FC were observed in patients with glaucoma (16),
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amblyopia (17) and strabismus (18,19) between the primary
visual cortex (V1) and the other cortex. V1 is the kernel
of the visual network, located in the occipital lobe (20). It
receives visual input directly from the lateral geniculate
nucleus, encodes visual information and then transmits to
the senior visual cortex to develop complicated functional
connections (21). However, the intrinsic FC alterations of
V1 in RVO has not been revealed yet.

Therefore, our present study proposed to use the seed-
based FC method to obtain the FC between V1 and the
other cortical regions, which might provide a more accurate
and exhaustive view on the specific connectivity of V1 in
RVO, further help to understand the underlying neural
mechanisms of impaired visual function in RVO patients
comparing with healthy controls (HCs).

Methods
Participants

‘Twenty-one subjects with RVO (11 males, 10 females) were
enlisted with the following inclusion criteria in the First
Affiliated Hospital of Nanchang University from 2017.03.01
to 2018.09.30: (I) ophthalmoscopy showed signs of RVO; (II)
OCT showed macular oedema; (IIT) FFA showed occlusion of
retinal vein (Figure I). The exclusion criteria of RVO were: (I)
patients with prior intraocular surgery or extraocular surgery
history; (II) complicated with other ocular diseases; (III)
neurological diseases, psychiatric disorders, cardiovascular
diseases and other systematic diseases.

Twenty-one HCs (11 males, 10 females) comparably
matched in age and sex background with RVO group were
enrolled. Inclusion criteria were: (I) no ocular disease
history; (II) no deformities in the cerebral parenchyma;
(III) no neurological diseases, psychiatric diseases and
cardiovascular diseases; (IV) no drugs or alcohol addiction;
(V) capable of MRI examination.

All research methods were approved by the Medical Ethics
Committee of the First Affiliated Hospital of Nanchang
University (CDYFY-LL-2017025) and complied with the
Helsinki Declaration. The whole study was carried out in
accordance with the approved guidelines. All participants
were notified the objectives, contents, latent risks, and signed
informed consent agreements for this study.

MRI parameters

Rs-fMRI was scanned with a 3-Tesla MR scanner (Siemens,
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Figure 1 An example of RVO shown in fundus photography and FFA. (A) Fundus photography revealed significant retinal vein occlusion

with flame-shaped hemorrhages. (B) FFA showed classic retinal vein occlusion with many pieces of fluorescence block and venous distortion.

RVO, retinal vein occlusion; FFA, fundus fluorescein angiography.

Munich, Germany). The total scanning time of data
acquisition was 8 minutes. The whole-brain high-resolution
T1-weighted images of each participants were obtained by
using a 3D spoiled gradient-recalled echo sequence with the
detailed parameters shown in 7ible 1.

FMRI data processing

We preprocessed data by applying SPMS8 (http://www.fil.
ion.ucl.ac.uk/spm), DPARSFA (http://rfmri.org/DPARSF)
and Static State Data Analysis Toolkit (REST, http://www.
restfmri.net). After deleting the first 10 time points, the
remaining 230 volumes were to be collected. The main
preprocessing procedures were as follows: (I) slice timing;
(II) co-registration of functional images to high-resolution
T1-weighted structural images, spatial normalization to
standard Montreal Neurological Institute (MNI) space;
(III) smoothing with a 6 mm full-width-half-maximum
Gaussian kernel; (IV) filtering (0.01+0.1 Hz) to reduce the
effects of low-frequency drifts and high-frequency noise;
(V) regressing out head motion as well as white matter,
cerebrospinal fluid and global signals as nuisance variables.
The participants that volumes with the x, y, or z directions
more than 2 were excluded from this study. The previous
study prescribed more details (16,18).

Seed-based functional connectivity analysis

Region of interest (ROI) was preselected in accordance
with previous literature (16,22). The V1, also known as
Broadmann area 17 (BA 17) was predefined as the seed
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point, the MNI coordinates were left V1 (-8, -76, 10)
and right V1 (+7, -76, 10) respectively. The diameter of
the circular ROI was 10 mm, and Pearson correlation
coefficients were computed with Fisher’s z transform
analysis between the mean time series of the ROI and the
time series of other cerebrum voxels.

Statistical analysis

SPSS ver. 20.0 (SPSS, IBM Corp, USA) was applied to
compare the demographic and clinical data between RVOs
and HCs with independent sample 7-test (age and weight)
and Chi-square test (gender and handedness), and P<0.01
was deem to be statistically significant.

The FC between two groups were compared using
the two-sample t-test. P<0.01 was considered statistically
significant by using Gaussian Random Field (GRF) theory
to correct multiple comparisons.

We used receiver operating characteristic (ROC) curve
analysis to distinguish the average FC values of different
brain regions in patients with RVO and HCs. The
relationship between the average FC values in different
cerebrum areas and the behavioral results in RVOs were
analyzed with Pearson’s correlation analysis. P<0.01 was
regarded as statistical threshold.

Results
Demographics and bebavioral results

There were no markedly differences in age (P=0.48) and
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weight (P=0.82) between the RVO patients and the HCs.
The best-corrected visual acuity (BCVA) of the RVO eye
was 1.00£0.40 logMAR, and the contralateral eye was
0.04+0.13 log MAR (more details were shown in Table 2).

FC differences

The RVO group exhibited increased FC between the left
V1 and the right middle frontal gyrus (BA 9) in comparison
with HCs, but decreased FC between the left V1 and right
cuneus (BA 17) (Figure 2, Table 3). In the meantime, subjects
with RVO showed higher FC between the right V1 and
right middle frontal gyrus (BA 9), right superior frontal

Table 1 Rs-fMRI scanning parameters

Echo planar imaging Brain volume

Data acquisition

sequence sequence
Repetition time 2,000 ms 1,900 ms
Echo time 40 ms 2.26 ms
Thickness/gap 4/1 mm 1/0.5 mm
Matrix 6464 256256
Field of view 240240 mm 240240 mm
Flip angle 90° 9°

Table 2 Demographics and behavioral results of RVO and HC groups

961

gyrus (BA 9), but lower FC between right V1 and right
cuneus (BA 17) (Figure 3, Tuble 3).

Correlation analysis

In RVO group, the foveal thickness showed a negative
correlation with the FC values between the left V1 and the
right cuneus (r=-0.81, P<0.001), and the FC values between
the right V1 and the right cuneus (r=-0.66, P=0.004) (Figure 4).

Receiver operating characteristic curve

We speculated that the distinction of FC values might be
feasible diagnostic biomarkers to classify RVO from HCs.
In order to affirm this hypothesis, we used ROC curve
method to obtain and analysis average FC values of different
cerebrum regions. The individual area under the curve
(AUC) of FC values were as follow: right middle frontal
gyrus (0.92, P<0.001), right cuneus (0.86, P<0.001) (Figure
5A, left V1); right middle frontal gyrus (0.86, P<0.001),
right superior frontal gyrus (0.93, P<0.001), right cuneus
(0.89, P<0.001) (Figure 5B, right V1).

Discussion

RVO is a general threatening retinal vascular disease which

RVOs HCs t-value P value
Male/female 11/10 11/10 N/A >0.99
Age (years) 54.10+13.49 51.48+10.13 0.712 0.48
Weight (Kg) 67.17+3.21 66.93+4.42 0.234 0.82
Handedness 21R 21R N/A >0.99
CRVO/BRVO 12/9 N/A N/A N/A
BCVA-RVO eye 1.00+0.40 N/A N/A N/A
BCVA-contralateral eye 0.04+0.13 N/A N/A N/A
IOP-RVO eye (mmHg) 14.24+2.53 N/A N/A N/A
IOP-contralateral eye (mmHg) 14.90+2.76 N/A N/A N/A
Mean foveal thickness (um) 258.29+158.27 N/A N/A N/A
Foveal thickness (um) 769.50+224.33 N/A N/A N/A

Independent t-tests comparing the two groups (P<0.01 represented statistically significant differences). Data shown as mean standard
deviation or n. RVO, retinal vein occlusion; HC, healthy control; N/A, not applicable; R, right; CRVO, central retinal vein occlusion; BRVO,
branch retinal vein occlusion; BCVA, best-corrected visual acuity; IOP, intraocular pressure; MFT, mean foveal thickness; FT, foveal

thickness.
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Figure 2 Group differences in FC of left V1 between RVO patients and HCs. (A and B) Significant differences in FC of left V1 were

observed. The red regions indicate higher FC values, the blue regions denote lower FC values. The significance level was set at voxel level

P<0.01, Gaussian random field theory corrected. (C) The mean FC values of left V1 between the RVO and HC groups were significantly
different in RC and RMFG. FC, functional connectivity; RVO, retinal vein occlusion; HC, healthy control; RMFG, right middle frontal

gyrus; RC, right cuneus.

attracts much attention on their underlying pathogenesis.
In RVO, retinal vein obstruction leads to intraretinal
haemorrhages, retinal venous congestion and macular
edema (5), further result in alterations in foveal thickness
and even the cerebrum activity (Figure 6).

Seed-based FC is a novel and reliable rs-fMRI method
to reveal the alterations of cerebral functional connectivity,
exploring regions of activation in the brain. Previous
studies have been applied in some ophthalmological
diseases (1able 4) and revealed abnormal spontaneous FC
between the V1 and the other regions in patients with
glaucoma (16), amblyopia (17) and strabismus (18). To our

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

best knowledge, the present study is initial to explore the
cerebral FC involved in RVO individuals.

In this study, we demonstrated that the spontaneous brain
functional connectivity between V1 and other different
areas in subjects with RVO were altered when compared
with HCs. The RVO group exhibited significant increased
FC between the left V1 and the right middle frontal gyrus,
and lower FC between the left V1 and the right cuneus
with impaired visual function (Figure 7). Meanwhile, RVO
group showed notably higher FC between the right V1
and right middle frontal gyrus, right superior frontal gyrus,
and decreased FC between right V1 and right cuneus with

Quant Imaging Med Surg 2020;10(5):958-969 | http://dx.doi.org/10.21037/qims.2020.03.24



Quantitative Imaging in Medicine and Surgery, Vol 10, No 5 May 2020 963
Table 3 Brain regions with significant differences in FC between RVO patients and HCs
MNI coordinates
Conditions L/R Brain regions BA Peak voxels t-value
X Y z
ROl in left V1
1 R Middle frontal gyrus 9 36 45 36 36 4.67
2 R Cuneus 17 18 -81 6 15 -4.38
ROl in right V1
3 R Middle frontal gyrus 9 -33 30 24 15 4.68
4 R Superior frontal gyrus 9 36 51 30 14 5.39
5 R Cuneus 17 18 -81 6 16 -4.61

The statistical threshold was set at voxel with P<0.01 for multiple comparisons using Gaussian random field corrected. FC, functional
connectivity; BA, Brodmann area; RVO, retinal vein occlusion; HC, healthy control; MNI, Montreal Neurological Institute; L, left; R, right;

ROI, region of interest.

impaired visual function (Figure 8).

Analysis of increased FC values in RVO group

The middle frontal gyrus, constitutes approximately one-
third of the frontal lobe of the human brain, lies between
the inferior and superior frontal sulci, in front of the
precentral gyrus (23). The frontal eye field (FEF) is located
around the intersection of middle frontal gyrus with the
precentral gyrus, which involves in eye movement and
visual attention (24). Converging evidence of functional
neuroimaging studies have consistently revealed that
the middle frontal gyrus is associated with saccade and
movement generation (25,26). Previous study has revealed
that FC value was increased in the primary open-angle
glaucoma between the V1 and middle frontal gyrus (22).
Moreover, researches on several retina-related diseases
have observed increased activation in FEF, including retinal
detachment (27), age-related macular degeneration (28,29),
progressive retinitis pigmentosa (30) and macular hole (31).
In line with these preceding results, the increased FC values
between bilateral V1 and right middle frontal gyrus shown
in this study reflected an activation of the visual processing,
which may suggest the plasticity that compensates for RVO-
related visual input deficits.

The superior frontal gyrus lies on the superior part
of the prefrontal cortex and is bounded laterally by the
superior frontal sulcus (32). It’s extensively considered
to take a part in the interplay between cognitive related
processing (33,34) and motor controlling (35,36). Previous
studies about ocular diseases have shown inconsistency

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

in this region. Researches on patients with strabismus
have shown that the cerebral blood flow were markedly
increased in the superior frontal gyrus (37,38). A similar
higher regional homogeneity value was found in acute eye
pain individuals when comparing with HCs (39). However,
there were studies demonstrated that optic neuritis
patients exhibited decreased brain activities in the superior
frontal gyrus (40,41). What’s more, Li et al. (42) and Chen
et al. (43) both revealed that reduced neural activities of
superior frontal gyrus were identified in patients with
primary open-angle glaucoma. We inspected that subjects
with RVO showed significant higher FC values between
right V1 and right superior frontal gyrus, indicating
functional injured in this region. Therefore, we further

inferred that this might result in the visual impairment in
RVO subjects.

Analysis of decreased DC values in RVO group

The cuneus is located in the occipital lobe and bounded
by the parieto-occipital sulcus and calcarine sulcus, which
is most known for its involvement in visual information
processing. It has been reported that the cuneus activates
almost simultaneously with the V1 in response to a visual
stimulus and may act to modulate signals travelling from
the V1 to the extrastriate cortices (44). Several previous
functional studies revealed that the cuneus was related to
ophthalmological diseases. Investigators illustrated that the
functional connectivity of cuneus decreased in on glaucoma
patients when comparing with normal subjects (16,45).
And reduced gray matter volume of cuneus was observed
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Figure 3 Group differences in FC of right V1 between RVO patients and HCs. (A and B) Significant differences in FC of right V1 were

observed. The red regions indicate higher FC values, the blue regions denote lower FC values. The significance level was set at voxel level

P<0.01, Gaussian random field theory corrected. (C) The mean FC values of right V1 between the RVO and HC groups were significantly
different in RC, RMFG and RSFG. FC, functional connectivity; RVO, retinal vein occlusion; HC, healthy control; RMFG, right middle

frontal gyrus; RSFG, right superior frontal gyrus; RC, right cuneus.

in strabismic patients (46). Huang er al. (27) investigated
that significant decline of brain neural homogeneity was
found in cuneus in individuals with retinal detachment, and
similar decrease trend in cuneus was reported in acute open
globe injury (47). Besides, monocular blindness subjects
exhibited lower voxel-mirrored homotopic connectivity
values in cuneus. Consistence with these previous findings,
we also observed significant FC reduction between bilateral
V1 and right cuneus in the current study, as well as the
negative correlation with foveal thickness, which indicated
the severity of RVO and visual quality. All above might
imply functional deficient in RVO patients, which provided
new evidence that the RVO could result in dysfunction of
the cuneus.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

The ROC curve analysis could provide an effectively
statistical method to distinguish disease from HCs with
high sensitivity and specificity (Figure 5). The accuracy
is considered excellent for AUC value is over 0.8, the
discrimination results between 0.6 and 0.8 denotes the
accuracy is moderate, and if the value less than 0.6, the
accuracy is unreliable. In this study, ROC curve analysis
found that excellent AUC values were observed among all
areas of interest included the right middle frontal gyrus,
superior frontal gyrus and cuneus, indicating that FC
method is useful for characterizing the neural mechanisms
underlying RVO and may be capable of detecting early
biomarkers of RVO from HCs.

Nevertheless, some limitations in this study need to
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Figure 4 Correlations between the mean FC values between right cuneus and V1 and the clinical behaviors in RVO group. The foveal
thickness showed a negative correlation with the FC values between the left V1 and the right cuneus (r=-0.81, P<0.001), and the FC values
between the right V1 and the right cuneus (r=-0.66, P=0.004). FC, functional connectivity; RVO, retinal vein occlusion.
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Figure 5 ROC curve analysis of the mean FC values for altered brain regions. (A) The area under the ROC curve were 0.92 (P<0.001; 95%
CI: 0.82-1.00) for RMFG, RC 0.86 (P<0.001; 95% CI: 0.74-0.99) (left V1). (B) The area under the ROC curve were 0.86 (P<0.001; 95%
CI: 0.73-0.98) for RMFG, RSFG 0.93 (P<0.001; 95% CI: 0.82-1.00), RC 0.89 (P<0.001; 95% CI: 0.77-1.00) (right V1). FC, functional
connectivity; ROC, receiver operating characteristic; RMFG, right middle frontal gyrus; RC, right cuneus; RSFG, right superior frontal

gyrus.

be considered. Firstly, a relatively insufficient number
of participants were recruited, which may have affected
the reliability. In addition, various types of RVO were
implicated, which are supposed to be categorized. However,
we have not found significant differences between
CRVO and BRVO, which might due to the small sample,
Subsequent study is needed to probe the functional
alterations of the brain more precisely.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Conclusions

In summary, this study found that RVO patients have
abnormal intrinsic activity in different brain regions, which
might be helpful to understand the neurological variation
of RVO patients and had a chance to reveal the potential
mechanism of RVO. The FC signals could be an effective
biomarker to identify RVO.
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Foveal thickness

Macular edema

Figure 6 Relationship between MRI images and clinical manifestations in RVO. Retinal vein obstruction in RVO leads to intraretinal
haemorrhages and macular swelling, further result in alterations in foveal thickness and cerebrum activity. MRI, magnetic resonance

imaging; RVO, retinal vein occlusion.

Table 4 FC method applied in ophthalmological diseases

Brain regions

Author Year Disease
ODs > HCs ODs < HCs
Lietal. (16) 2017 Primary angle-closure LTP; LFOIBG; RIBG; RIPL Right cuneus; calcarine; RLG
glaucoma
Ding etal. (17) 2013 Anisometropic amblyopia LPostG; LPCL/MFG BC; BIPL/AL; LMFL/PreG
Zhu et al. (18) 2018 Comitant exotropia N/A LLG/CPL; RMOG; LPreG/PostG;
RIPL/PostG

FC, functional connectivity; OD, ophthalmological diseases; HC, healthy control; LTP, left temporal-parietal region; LFOIBG, left frontal
opercula-insula-basal ganglia region; RIBG, right insula-basal ganglia region; RIPL, right inferior parietal lobule; RLG, right lingual gyrus;
LPostG, left postcentral gyrus; LPL/MFG, left paracentral lobule and the middle frontal gyrus; BC, bilateral cerebellum; BIPL/AL, bilateral
inferior parietal lobe and the angular lobe; LMFL/PreG, left middle frontal lobe and the precentral gyrus; LLG/CPL, left lingual gyrus/
cerebellum posterior lobe; RMOG, right middle occipital gyrus; LPreG/PostG, left precentral gyrus/postcentral gyrus; RIPL/PostG, right
inferior parietal lobule/postcentral gyrus.
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Increased FC
@ Decreased FC

J Impaired visual function

Figure 7 The FC results of left V1 in the RVO group. Compared
with the HCs, the FC of RVO patients in the following regions
were increased to various extents: 1-right middle frontal gyrus
(t=4.67), and the following regions decreased: 2-right cuneus
(t=—4.38). The sizes of the spots denote the degree of quantitative
changes. FC, functional connectivity; RVO, retinal vein occlusion;

HC, healthy control.
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‘Impaired visual function

Figure 8 The FC results of right V1 in the RVO group. Compared
with the HCs, the FC of RVO patients in the following regions
were increased to various extents: 1-right middle frontal gyrus
(t=4.68), 2-right superior frontal gyrus (t=5.39), and the following
regions decreased: 3-right cuneus (t=-4.61). The sizes of the
spots denote the degree of quantitative changes. FC, functional

connectivity; RVO, retinal vein occlusion; HC, healthy control.
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