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Abstract
Introduction Patients with central retinal vein occlusion
(CRVO) may experience reduced vision in the morning. This
may be due to increased cystoidmacular oedema (CMO), which
can be measured on optical coherence tomography (OCT).
Methods A prospective study was performed on ten
patients. Retinal thickness measurements were made with
the Topcon 3D OCT-1000: at 9 A.M., 11 A.M., 1 P.M., 3 P.M.,
5 P.M. In addition, at 9 A.M. and 5 P.M. visual acuity was
recorded using ETDRS LogMAR.
Results There were seven males and three females with
average age of 59.4 years (range 40–80 years). The average
duration of symptoms was 5.4 months (range 3–9 months).
In eyes with CRVO, median central macular thickness
(CMT) significantly reduced from 571 µm at 9 A.M. to
475 µm at 5 P.M. (p<0.05). Comparison of CMT at 9 A.M. to
each of the subsequent time intervals found that there was a
significant reduction in the central macula thickness late in the
day (p<0.05). There was no statistical difference in the visual
acuity and change in macular thickness did not correlate with
change in visual acuity in eyes affected by CRVO.
Discussion Patients with CRVO demonstrate increase in
CMO in morning compared with late morning and
afternoon. Possible causes are diurnal variation in blood
pressure, retinal metabolism and erect posture. Interven-
tions designed to influence these factors could be used to
try to reduce CMO severity
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Introduction

Central retinal vein occlusion (CRVO) is a common retinal
vascular disease and usually carries a poor visual outcome [1].
The major complications associated with decrease in visual
acuity are retinal hemorrhage over the fovea, foveal ischemia
and cystoid macular oedema (CMO), with CMO being the
commonest cause of visual loss [2]. Optical coherence
tomography (OCT) is a noninvasive method for measuring
the central macular thickness (CMT) which provides quan-
titative and reproducible measurements of macular thickness.

Patients with CMO from diabetes mellitus may show
substantial variability during the course of the day, with
macular thickening being at its maximum on awakening
and then tending to decrease throughout the day [3–8]. A
variety of mechanisms may be postulated to explain this
phenomenon, such as arterial pressure, neuronal activity, or
other metabolic and/or endocrine factors [9–11].

We designed the current study to evaluate changes in
CMT measured by OCT throughout the day in eyes with
CMO and CRVO.

Method & materials

Ten patients with CRVO in one eye, either ischaemic or
non-ischaemic, who complained of worsening of vision on
awakening were included in the study. All subjects
underwent a complete eye examination before enrollment,
including biomicroscopic fundoscopy and refracted visual
acuity testing using ETDRS LogMAR chart at 3 m.
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To be eligible, a subject was required to have retinal
thickening due to CRVO based on clinical examination
involving the centre of the macula, pupil dilation of 5 mm
or larger and CRVO of less than 1 year duration. All
patients were included consecutively. Subjects were ex-
cluded if there was a history of diabetes.

Epidemiological data including age, sex, duration of
symptoms and medical history was recorded. Retinal
thickness measurements were made with the Topcon 3D
OCT-1000: at 9 A.M., 11 A.M., 1 P.M., 3 P.M., 5 P.M. Central
macular zone thickness, defined as the central-most zone of
the 9 zones defined by the ETDRS protocol was measured.
In addition, at 9 A.M. and 5 P.M. visual acuity was recorded
using ETDRS LogMAR.

SPSS version 13.0 was used for statistical analysis of
data. As the sample was small, and did not demonstrate a
normal distribution, Friedman test was used for repeated
measures analysis and Wilcoxon signed rank test for pair-
wise comparison to assess at which time points there was
significant change in central macula thickness. All tests
were two-tailed and a p value (asymptotic value) of less
than 0.05 was considered significant.

As the unaffected eye in each subject was used as the
control, and therefore cannot be considered to be truly
independent, the difference between the maximum and
minimum values of CMT in the unaffected and affected
eyes were compared to determine if there was a significant
change in the disease eye unrelated to subject variations.

Hospital ethics committee approval was obtained for the
study. Before recruitment, a full explanation of the nature of
this procedure was conveyed to the patient (in accordance
with the Helsinki declaration).

Results

Table 1 indicates patient demographics. There were seven
males and three females with average age of 59.4 years
(range 40–80 years). The average duration of symptoms

was 5.4 months (range 3–9 months). Seven patients were
on treatment for hypertension and four patients were on
treatment for increased serum cholesterol. One patient was
on treatment for primary open angle glaucoma(POAG), and
the rest had no associated ocular history. Table 2 and
Figs. 1 and 2 show visual acuity and central macular
thickness in eyes with CRVO. In eyes with CRVO median
CMT changed from 571 µm (25th centile 377, 75th centile
631.8) at 9 A.M. to 475 µm (242,562) at 5 P.M. The other
corresponding values were: at 11 A.M. 542.5 µm (325.3,
627.3), 1 P.M. 505.5 µm (322.8, 562.3), and 3 P.M. 472.0 µm
(308, 508). Median visual acuity at 9 A.M. was 1.00 (0.79,
1.02) and at 5 P.M. 0.93 (0.81, 1.00)

Comparison of CMT at 9.00 A.M. to each of the
subsequent time intervals found that there was a significant
change in the CMT (the absolute p value between 9 and 11
A.M. was 0.032, and 0.005 between subsequent 9–1 P.M., 9–
3 P.M. and 9–5 P.M. intervals). The decrease in CMT was
also found to be significant between each 2-hour time
interval except the time interval between 3 P.M. and 5 P.M..

In the unaffected eyes, the median CMT at 9 A.M. was
218.0 μm (197.8, 247.3) CMT at 5 P.M. was 203.06 μm
(191.5, 231.5). The other corresponding values were: at
11 A.M. 216.0 µm (196.0, 252.0), 1 P.M. 211.5 µm (192.5,
252.5), and 3 P.M. 207.0 µm (191.5, 245.0). Median visual
acuity at 9 A.M. and 5 P.M. was 0.00 (−0.05, 0.08). It was
found that there was a small but significant difference in
CMT at 3 P.M. (p=0.04) and 5 P.M. (p=0.04) compared to
9 A.M.

As the decrease in CMT was also found in normal eyes
of the subject, it was important to ascertain that the degree
of variability in the affected eye was significant and not due
to subject factors. To do this, the difference between the
maximum and minimum values in the CRVO (median
difference 86.5 μm) and unaffected eye (median difference
6.75 μm) was compared (p=0.0074) which showed that
there is an exaggerated increase in CMT in affected eyes.

Wilcoxon rank test was used to assess the differences in
visual acuity at the two time points in the CRVO eyes.

Table 1 Table showing patient demographics and associated systemic disease: M = male, F = female

Patients Age (Years) Sex (M - male) (F - female) Laterality Duration of symptom (months) Associated systemic disease (↑ - elevated)

1 40 F left 5 ↑ serum cholesterol
2 61 M left 4 hypertension
3 30 M left 3 –
4 71 M left 9 hypertension
5 72 M left 3 ↑ serum cholesterol
6 46 M right 3 hypertension/↑ serum cholesterol
7 80 F left 6 hypertension
8 60 M left 8 hypertension
9 74 F left 6 hypertension
10 60 M right 7 hypertension/↑ serum cholesterol
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There was no statistical difference found at the 95% level of
significance (p=0.06), and change in macular thickness did
not correlate significantly with a change in visual acuity
(p=0.27) in eyes affected by CRVO.

Discussion

The objective of our study was to evaluate changes in CMT
measured by OCT throughout the day in eyes with CMO and
CRVO.All patients in our series had a significantly higher CMT
at 9 A.M., which gradually reduced over the course of the day.

In previous studies reduction in CMT during the day has
been shown in diabetic patients. Frank et al. [3] in a study
of ten subjects, measured retinal thickness at 8 A.M., 11 A.M.,

2:00 P.M., and 5:00 P.M. Subset analysis revealed temporal
variation in thickness with greater oedema in the morning and
less late in the day in patients with an initial macular thickness
of more than 400 um. A study by Larsen et al. [4] of 12
diabetic patients showed an overnight increase in CMT of an
average of 6.3%, with no change in seven control subjects.
The patients with diabetic macular oedema also demonstrat-
ed a mean loss of 5 ETDRS letters of acuity overnight. Polito
et al. [5] studied the effect of posture on diurnal variation in
diabetic CMO. The average relative decrease in foveal
thickening was 20.6% in upright position and 6.2% in
recumbent position between 9 A.M. and 6 P.M.

In our study, there was an average decrease in CMT of
approximately 17.6% which was measured at five points of
time during the day. Even the fellow unaffected eyes showed
a small decrease in CMT over the day. Our findings are in
agreement with the study by Paques et al. [8] who reported
significant reduction (p<0.001) in macular thickness and
visual acuity (p<0.002) between 7 A.M. and 7 P.M. in 16
eyes with CRVO.

Table 2 Visual acuity (VA) in LogMAR and central macular thickness (CMT) in eyes with CRVO at different times during the day

Patient CMT (µm) at 9 A.M. VA at 9 A.M. CMT (µm) at 5 P.M. VA at 5 P.M. Absolute change of CMT (µm)

1 356 0.60 318 0.56 −38
2 578 1.00 486 1.00 −92
3 558 1.10 470 0.90 −88
4 640 1.10 480 1.00 −160
5 564 1.00 415 1.00 −139
6 622 1.00 491 0.86 −131
7 384 1.00 278 0.90 −106
8 647 0.86 562 0.92 −85
9 244 0.06 242 0.06 −2
10 629 0.96 559 0.94 −70
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Fig. 1 Diurnal variation of central macular thickness (CMT) over
time in patients with central retinal vein occlusion(CRVO)
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Fig. 2 Boxplot showing central macular thickness (CMT in µm) in
eyes with CRVO (p values are for the comparison of the results from
each time point compared with 9 A.M.)
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A number of mechanisms may be involved in reducing
CMO in CRVO during the day, for example hydrostatic
pressure gradient [12] and a gravitational effect with change
in posture. Erect posture during the day may increase
venous drainage. Indeed, in diabetics CMO has been shown
to decrease in relation to erect posture during the day [6, 7].
Variation in CMO may also be driven by variations of
retinal metabolism. The oxygen consumption rate by the
retina of experimental animals is higher in the dark-adapted
state, e.g. overnight [9–11]. In a hypoxic retina, the effects
of ischemia may be more severe during the night because of
increased metabolism activating pathways which may cause
worsening of CMO. In addition, in most healthy individuals
there is a nocturnal decline in mean systolic blood pressure
(SBP) of at least 10% from daytime values [13]. Paques
et al. [8] recently demonstrated that there was correlation
between variations in systolic and diastolic pressure and
CMT, i.e., loss of the normal pressure dip during the night
was correlated with an increase in CMT in the morning.

If the trigger factor for increased CMO in themorning can be
identified, than strategies to reduce CMO can be devised, e.g.,
erect posture, blood pressure reduction in hypertensive patients
or hyperbaric oxygen [14] to aid metabolism in the ischemic
retina. We understand one of the weakness of this study is the
small number (n=10). Further studies are needed to investi-
gate these factors in diurnal variation in CMO.

In conclusion, patients with CRVO demonstrate an
increase in CMO in the morning compared with late
morning and afternoon. Possible causes are postural
changes, hypertension and retinal metabolism overnight.
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