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Background: The occurrence of choroidal detachment (CD) in eyes with primary 
rhegmatogenous retinal detachment (RRD) is relatively uncommon (2%-8.6%). We 
hypothesized that significant disturbances in blood supply to the retina are a mechanism 
of the pathogenesis of RRD complicated by CD, which prompted us to study ocular 
hemodynamics in relevant patients.
Purpose: To assess preoperative hemodynamics of the affected eye and fellow eye in 
patients with RRD complicated by CD.
Material and Methods: We preoperatively examined the affected eye and fellow eye 
and assessed their hemodynamics in two groups of 11 patients each (the uncomplicated 
RRD group and the RRD complicated by CD group) which were similar with regard to 
age, time from the onset of RRD and ocular comorbidity.
Results: Volumetric ocular pulse blood filling (OPBF) values in the affected eye and 
fellow eye of the latter group were 68.7% and 40%, respectively, lower, whereas of the 
former group, 33.3% and 27%, respectively, lower, than in age-matched normals. In 
addition, volumetric ocular pulse blood filling positively correlated with intraocular 
pressure (r=0.5; p < 0.05) in patients of both groups. This indicated that there is a 
significant ischemic process in the eye with RRD, which is aggravated in the presence 
of CD.
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Introduction
A rhegmatogenous retinal detachment (RRD) results 

from retinal breaks caused by vitreoretinal traction, with 
fluid from the vitreous cavity flowing through a retinal 
tear and dissecting underneath the retina. This allows fluid 
from the vitreous cavity to separate the sensory retina 
from the underlying retinal pigment epithelium, with the 
RPE pumping fluid from under the retina, and hypotony 
developing in the eye with RRD [1-4]. The occurrence 
of choroidal detachment (CD) in eyes with primary RRD 
is relatively uncommon (2%-8.6%) [5, 6]. High myopia, 
aphakia, pseudophakia, retinal detachment in three or 
more quadrants, advanced age and macular tear are major 
risk factors for developing a CD in patients with RRD [7, 
8]. Clinical findings include red eye, pain of the globe 
with or without palpation, marked hypotony (5.0-8.0 
mmHg), Descemet’s folds, deepened anterior chamber, 
corneal precipitates, posterior synechiae, iris color change, 
and sometimes iridophakodonesis. The vitreous appears 
hazy, and ophthalmoscopy shows a CD in the form of 
a prominent grey bubble extending from one to four 
quadrants, with the detached retina in the background. In 
263 eyes with RRD complicated by CD, ranges of CD were 
<1 quadrant in 9 (3.42%) eyes, from 1 to 2 quadrants in 37 
(14.07%) eyes, from 2 to 3 quadrants in 13 (4.94%) eyes, 
and from 3 to 4 quadrants in 204 (77.57%) eyes [9-11]. It 

has been hypothesized that, a more apparent disruption of 
the blood-retinal barrier and a more substantial release of 
inflammatory mediators take place in RRD complicated by 
CD compared to uncomplicated RRD, and consequently, 
a more severe disease course and worse anatomical and 
functional prognosis are seen in the former compared to 
the latter [12-14].

The separation of the photoreceptor layer from the 
RPE in RRD leads to an irreversible photoreceptor loss, 
with such pathophysiological mechanisms as apoptosis, 
necrosis, oxidative stress and inflammation underlying 
this process [15-19]. As a result, recovery of visual 
function after retinal reattachment will be only partial, 
especially if a detachment of the macular region is present. 
Postoperative period as well as visual recovery is more 
difficult in patients with RRD complicated by CD than in 
those with uncomplicated RRD.

Xu and colleagues [20] used optical coherence 
tomography (OCT) angiography to observe changes in the 
blood flow in the macula in patients with RRD associated 
with CD (RRDCD) who underwent pars plana vitrectomy 
(PPV) for retinal reattachment and silicone oil filling, and 
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found that the area of the deep plexus foveal avascular 
zone (DFAZ) continued to enlarge after the operation in 
the RRDCD group but did not significantly change in the 
RRD group. In addition, the correlation between BCVA at 
3 months and DFAZ area one day after the operation in the 
RRDCD group was significant, and the authors concluded 
that choroidal lesions in RRDCD patients may have an 
acute pathological effect on ischemia of the deep retinal 
capillary network.

We have previously demonstrated that, compared 
with patients with uncomplicated RRD, those with RRD 
complicated by CD exhibited lower bioelectrical activity of 
the central and peripheral retina after retinal reattachment 
post primary vitrectomy. We hypothesized that, in RRD 
complicated by CD, changes in the blood supply to and 
vascular changes in the ocular coats are more significant 
than in RRD only, which prompted us to study ocular 
hemodynamics in relevant patients [21, 22].

The purpose of the current study was to assess 
preoperative hemodynamics of the affected eye and fellow 
eye in patients with RRD complicated by CD.

Material and Methods
Twenty-two patients underwent an examination of the 

affected eye and fellow eye, and, of these, eleven patients 
(group 1; age, 53.5±3.5 years) underwent surgery for 
unilateral uncomplicated RRD, and the rest eleven (group 
2; age, 60.6±3.3 years), for unilateral RRD complicated by 
CD, at the Vitreoretinal Surgery Department. 

Preoperatively, patients underwent a routine eye 
examination, assessment of electrical sensitivity of the 
optic nerve (electrically evoked phosphene threshold, 
EEPT) and critical frequency of phosphene disappearance 
(CFPD), and ophthalmic rheography (ORG).

The latter study was performed with Reocom (KHAI-
Medika, Kharkiv, Ukraine), the computerized rheography 
apparatus, with its operation based on the principle 
of impedancemetry. ORG included measurements of 
volumetric ocular pulse blood filling (OPBF, expressed as 
RQ, ‰ rheographic coefficient), vascular tone (expressed 
as alpha/T percentage index), and volumetric pulse blood 
filling  rate (PBFR, expressed as Ohm/s).

Preoperative treatment of eyes with RRD complicated 
by CD included intravitreal injection of 4-mg triamcinolone 
acetonide, and surgery for RRD was performed after 
either choroidal reattachment or a reduction in choroidal 
detachment height and extension was achieved. All eyes 
with either uncomplicated RRD or RRD complicated 
by CD received a 3-port 25-G vitrectomy. The retina 
was flattened with sterile air, subretinal fluid was 
drained through the primary retinal break. In addition, 
endolaser photocoagulation was performed to all retinal 
breaks, and, in some cases, 360-degree peripheral laser 
photocoagulation was performed. The surgical procedure 
was completed by endotamponade using a minimally 
expanding concentration of perfluoropropane. 

Statistical analysis was performed using Statistica 8.0 
(StatSoft, Tulsa, OK, USA) software. Normally distributed 

data are presented as mean and standard deviation (SD) and 
non-normal data are presented as median and inter-quartile 
range (IQR). The Student's t test was used to determine 
significant differences between two normally distributed 
samples. Wilcoxon signed-rank test and Mann-Whitney U 
test were used for the comparison of two samples when 
the underlying distributions were not normal. Pearson’s 
correlation was used to test correlation between potentially 
dependent variables.

Results
Mean best-corrected visual acuity (BCVA) of affected 

eyes was 0.03±0.01, and fellow eyes, 0.97±0.02, for group 
1 (uncomplicated RRD) versus 0.04±0.01 and 0.72±0.07, 
respectively, for group 2 (RRD complicated by CD). There 
was no significant difference in the visual acuity of affected 
eyes between groups, and visual acuity of fellow eyes was 
25.8% higher in group 1 than in group 2 (p=0.02).

Of the 11 affected eyes of group 1, five were 
emmetropic, two mildly myopic, two moderately myopic, 
and two highly myopic. Of the 11 affected eyes of group 
2, three were emmetropic, three mildly myopic, three 
moderately myopic, and two moderately hypermetropic.

Mean intraocular pressure (IOP) was 13.2±3.8 mmHg 
in group 1 vs 8.4±2.9 mmHg in group 2, and was 36.3% 
and significantly (p=0.02) higher in the former than in the 
latter. 

Of the patients of group 1, four (36.4%) had an IOL 
implanted vs five (45.4%) for group 2, and one eye in 
group 2 had vitreous hemorrhage. Of all the patients with 
RRD, 41% had an IOL implanted. Notably, no significant 
difference in the rate of ocular comorbidity was observed 
between groups. Among patients having an IOL implanted, 
the time after phacoemulsification ranged from 30 days to 
7300 days. Of note that only for one patient the time after 
phacoemulsification was 30 days, whereas for the rest the 
time was longer than 180 days.

The time from the onset of first symptoms to the 
diagnosis of retinal detachment ranged from 6 days to 30 
days (mean value, 14.2 ± 3.1 days) for group 1 and from 
10 days to 45 days (mean value, 17.8 ± 4.1 days) for group 
2, i.e., the time of onset of RRD was practically the same 
for two groups.

In group 1, in 2 eyes, the retinal detachment extended 
for two quadrants and in the rest eyes, for four quadrants. 
In all the eyes of group 2, the retinal detachment extended 
for four quadrants. No significant difference in the extent 
of retinal detachment in clock hours was observed between 
groups.

The number or retinal breaks ranged from one to three 
or more. One retinal break was detected in 8 eyes, two 
breaks in one eye, three breaks in one eye, and more than 
three breaks in one eye in group 1, versus one break in four 
eyes, two breaks in one eye, three breaks in one eye, and 
more than three breaks in 5 eyes for group 2. More than 
three breaks were detected significantly more commonly 
(χ2 =3.7, p = 0.05) in patients with RRD complicated by CD 
than in patients with uncomplicated RRD (45.5% vs 9%).
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Our study of ocular hemodynamics found that 
volumetric ocular pulse blood filling (OPBF, expressed as 
RQ) in eyes with uncomplicated RRD (group 1) was 53% 
lower, and in eyes with RRD complicated by CD (group 
2), 68.7%% lower than in age-matched normals, and these  
differences were statistically significant (p =0.0001) (Table 
1). In addition, volumetric ocular pulse blood filling in eyes 
with RRD complicated by CD was 33% lower (p = 0.01) 
than in eyes with uncomplicated RRD (Table 1). Vascular 
tone in large-caliber vessels (expressed as alpha1/T 
percentage index) was elevated only in group 1, and was 
25% higher than in age-matched normals (p=0.0001). In 
group 2, vascular tone in small-caliber vessels was 13% 
higher than in age-matched normals (p=0.01) (Table 
1). We found the volumetric ocular blood filling rate in 
patients of group 1 and group 2 to be half of that in age-
matched normals (p=0.0001; Table 1).

Of the fellow eyes of group 2, only three were healthy, 
three exhibited peripheral vitreoretinal degeneration; two, 
vitreochorioretinal degeneration; one had recent history 
of vitrectomy for RRD; one had degenerative myopia, 
and two had an IOL implanted. Of the fellow eyes of 
group 1, four were healthy, three exhibited vitreoretinal 
degeneration; three, vitreochorioretinal degeneration; and 
one had degenerative myopia.

Volumetric ocular pulse blood filling in fellow eyes 
of patients of group 1 was 18.7% lower (p=0.01), and in 
fellow eyes of patients of group 2, 40% lower (p=0.0001) 
than in age-matched normals. The pairwise comparison 
of characteristics between patients with uncomplicated 
RRD and those with RRD complicated by CD showed 
that volumetric ocular pulse blood filling expressed as RQ 
was 27% lower for the latter than for the former group. In 
patients with uncomplicated RRD, vascular tone in small-
caliber vessels in the fellow eye was 20% higher than in 
age-matched normals (p=0.01) (Table 2). We found that, 
in the fellow eye in patients of group 2, the OPBF rate was 
40% lower than in age-matched normals (p=0.0001), and 
25% lower than in the fellow eye in patients of group 1 
(p=0.06) (Table 2). 

Therefore, ocular blood circulation was also impaired 
in the fellow eye of patients with RRD complicated by 
CD, with volumetric ocular pulse blood filling and OPBF 
rate being 40% lower than in age-matched normals. In 
addition, volumetric ocular pulse blood filling and OPBF 
rate in the fellow eye of patients with RRD complicated by 
CD were 27% (p=0.02) and 25% (p=0.06), respectively, 
lower than in the fellow eye of patients with uncomplicated 
RRD (Table 2).

The differences in volumetric ocular pulse blood 
filling (Δ RQ) and in volumetric ocular pulse blood filling 
rate between the affected eye and the fellow eye (Δ V) 
were similar in both groups (Table 3). The differences in 
volumetric ocular pulse blood filling between the norm 
and the affected eye (Δ1RQ ‰) and between the norm and 
the fellow eye (Δ2RQ ‰) in group 2 were 23% larger (p 
= 0.01) and 2.4-fold larger (p = 0.01), respectively, than 

in group 1. This confirms that blood filling deficiency in 
the affected eye and the fellow eye was more severe in 
patients with RRD complicated by CD than in patients 
with uncomplicated RRD (Table 4).

Volumetric ocular pulse blood filling positively 
correlated with IOP (r=0.5; p < 0.05) in patients with 
uncomplicated RRD as well as patients with RRD 
complicated by CD (Fig. 1).

We identified three groups of study patients with IOP 
values below 10 mmHg (IOP_1 group, 11 eyes), 10-
14 mmHg (IOP_2 group, 6 eyes), and above 14 mmHg 
(IOP_3 group, 5 eyes), to consider blood circulation in the 
affected eye in all patients with uncomplicated RRD or 
RRD complicated by CD and different IOP levels.

We found that patients with IOP below 10 mmHg in 
both eyes had the lowest mean volumetric ocular pulse 
blood filling value  (0.95 ± 0.4 ‰), which was 32% (p = 
0.01) lower than in patients with IOP of 10-14 mmHg and 
1.9-fold lower than in normal IOP (1.82 ± 0.4 ‰). Of note 
that volumetric ocular pulse blood filling (RQ) value in 
patients with IOP of 10-14 mmHg was 22.2% (p = 0.01) 
lower than in normal IOP (Table 5).

In patients with uncomplicated RRD or RRD 
complicated by CD, volumetric ocular pulse blood filling 
value in the fellow eye without focal fundus pathology was 
2.6 ± 0.6‰, which was 18.7% (p = 0.0001) lower than the 
norm (Table 6). In addition, the mean volumetric ocular 
pulse blood filling value in the fellow eye with vitreoretinal 
degeneration or vitreochorioretinal degeneration was 2.0 ± 
0.9‰, which was 37.5% (p = 0.0001) lower than the norm. 
Moreover, the mean volumetric ocular pulse blood filling 
value in the fellow eye with peripheral vitreochorioretinal 
degeneration was 31% (p = 0.01) lower than in the fellow 
eye without focal fundus pathology.

No significant difference in vascular tone was observed.
Volumetric blood filling rate in the fellow eye without 

focal fundus pathology was 25% and significantly (p = 
0.002) higher than in peripheral retinal degeneration.

Discussion
The two groups of patients included in this study (the 

group of patients with uncomplicated RRD and the group 
of patients RRD complicated by CD) were practically 
homogeneous with regard to age, time from the onset 
of RRD and ocular comorbidity. More than three breaks 
were detected significantly more commonly (χ2 =3.7, p 
= 0.05) in patients with RRD complicated by CD than in 
patients with uncomplicated RRD (45.5% vs 9%). This is 
in agreement with a study by Gu and colleagues [7] who 
found that, of the eyes with RRD complicated by CD, 
34.62% presented with multiple holes (p = 0.044) and 
25.00% with macular holes (p = 0.012), compared with 
20.66% and 14.08% for eyes with RRD only. Of note that 
we failed to observe an association of CD with gender, 
age, time from the onset of RRD, and history of general 
medical conditions like hypertension.

There are several works on blood supply disturbances 
in RRD complicated by CD, but they are mostly related 
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to OCT angiography, i.e., structural changes in choroidal 
layers [20].

We found blood filling deficiency in the affected eye and 
the fellow eye both in patients with RRD complicated by 
CD and in patients with uncomplicated RRD. In addition, 
blood filling deficiency characteristics for the affected 
eye and the fellow eye in patients with RRD complicated 
by CD (68.7% and 40%) were twice as high as those in 
patients with uncomplicated RRD (33.3% and 27%, 
respectively). Moreover, we found the volumetric ocular 
blood filling rate in patients with RRD complicated by CD 
to be half of that in age-matched normals. Our findings 
demonstrate significant ocular blood supply disturbances 
in RRD in general, and especially in RRD complicated by 
CD. This also indicates that uncomplicated RRD or RRD 
complicated by CD is accompanied by significant hypoxia 
that affects not only the retina, but also other ocular coats, 
e.g., the choroid (particularly, the layer of large and 
middle choroidal vessels and the choriocapillaris layer). 
We believe that it is in agreement with a study by Xu and 
colleagues [20] who demonstrated that the area of the 
deep plexus foveal avascular zone continued to enlarge for 
three months after retinal reattachment in eyes with RRD 
complicated by CD. 

In addition, we found volumetric ocular pulse blood 
filling to be positively correlated with IOP (r=0.5; p < 
0.05) in patients with uncomplicated RRD as well as those 
with RRD complicated by CD. A reduction in IOP in an 
uncomplicated retinal detachment is caused by increased 
RPE pumping. In an RRD complicated by CD, the above 
mechanism is joined by the hypotony associated with 
an inflammatory choroidal detachment and frequently 
inflammatory ciliary body detachment. It remains an open 
question whether marked hypotony precedes or follows 
choroidal detachment [23-25]. Therefore, the lower the 
IOP, the more apparent blood filling deficiency, or it may 
be vice versa (i.e., the more apparent ocular blood filling 
deficiency), and this creates a vicious circle of pathology 
that should be broken by means of surgical treatment as 
well as pharmacological correction.

The differences in volumetric ocular pulse blood filling 
(Δ RQ) and in volumetric ocular pulse blood filling rate 
(Δ V) between the affected eye and the fellow eye were 
similar in the uncomplicated RRD group and the RRD 
complicated by CD group. What is important is that 
the volumetric ocular pulse blood filling value and the 
volumetric ocular pulse blood filling rate in the fellow 
eye with vitreoretinal degeneration or vitreochorioretinal 
degeneration were 37.5% lower than the norm and half of 
the norm, respectively. That is, it is likely that the state of 
the blood supply to ocular tissues (particularly, retinal and 
choroidal tissues) before severe structural injury in RRD 
complicated by CD occurs is important. This hypothesis 
requires further research, possibly involving studies on the 
state of brain vessels.
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Показатели
RRD only 

n=11
(1)

RRD with CD
n=11
(2)

Age-related normals,
 n=30

(3)
RQ ‰ 
(volumetric ocular pulse blood filling)

1,5±0,6 1,0±0,4
(р1-2=0,01)

3,2±0,1
р1-3=0,0001
р2-3=0,0001

α1/T (%) 
(vascular tone in large-caliber vessels)

25,0±2,7 21,1±5,3 20,0±1,1
р1-3=0,0001

α2/T(%) 
(vascular tone in small-caliber vessels)

13,6±2,3 17,1±5,1 15,0±1,0
р2-3=0,01

V (Ohm/s) 
(volumetric ocular pulse blood filling rate) 

0,5±0,3 0,5±0,2 1,0±0.1
р1-3=0,0001
р2-3=0,0001

Table 1. Hemodynamics characteristics (M±SD) of the affected eye (as assessed by ophthalmic rheography) in patients with 
uncomplicated rhegmatogenous retinal detachment (RRD) and those with RRD complicated by choroidal detachment (CD)
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Note: p, significance of difference between groups; n, number of eyes; М, mean value; SD, standard deviation
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Table 3. Differences (M±SD) in volumetric ocular pulse blood filling (Δ RQ) and in volumetric ocular pulse blood filling rate 
(Δ V) between the affected eye and the fellow eye in the uncomplicated RRD group and the RRD complicated by CD group

Characteristics RRD only n=11 RRD with CD n=11

Δ RQ ‰ (RQfellow eye – RQaffected eye) 1.0±0.8 1.0±1.0

Δ V (Ohm/s) (Vfellow eye – Vaffected eye) 0.3±0.4 0.17±0.4

Note: n, number of eyes; М, mean value; SD, standard deviation

Table 4. Differences (M±SD) in volumetric ocular pulse blood filling (Δ RQ) between the norm and affected eye and between 
the norm and the fellow eye in the uncomplicated RRD group and the RRD complicated by CD group

Characteristics Statistics RRD only  (1) RRD with CD (2)

Δ1RQ ‰ 
(RQnorm - RQaffected eye)

n 11 11

M±SD 1.7±0.6 2.2±0.3

р р1-2=0.01

Δ2RQ ‰ 
(RQnorm - RQfellow eye)

Me 0.5 1.2

Interquartile range -0.2-1.6 0.6-2.0

р р1-2=0.01

Note: p, significance of difference between groups; n, number of eyes; Me, median value; М, mean value; SD, standard de-
viation

Table 2. Hemodynamics characteristics (M±SD) of the fellow eye (as assessed by ophthalmic rheography) in patients with 
uncomplicated rhegmatogenous retinal detachment (RRD) and those with RRD complicated by choroidal detachment (CD)

Characteristics
RRD only

n=11
(1)

RRD with CD
n=11
(2)

Age-related normals
n=30
(3)

RQ ‰ (volumetric ocular pulse blood filling) 2.6±0.9
р1.3=0.01

1.9±0.7
р1-2=0.02

р1-3=0.0001

3.2±0.1

α1/T (%) (vascular tone in large-caliber vessels) 21.1±5.3 21.7±4.4 20.0±1.1

α2/T(%) (vascular tone in small-caliber vessels) 18.1±3.6
р1-3=0.01

16.3±6.1 15.0±1.0

V (Ohm/s) (volumetric ocular pulse blood filling rate) 0.8±0.3 0.6±0.3
р1-2=0.06

р1-3=0.0001

1.0±0.1

Note: p, significance of difference between groups; n, number of eyes; М, mean value; SD, standard deviation
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Characteristics

IOP below
10 mmHg

n=11
(1)

IOP of
10 – 14 mmHg

n=6
(2)

IOP above
14 mmHg

n=5
(3)

RQ ‰ (volumetric ocular pulse blood filling) 0.92±0.4
р1-2=0.01

р1-3=0.0001

1.4±0.4
р2-3=0.01

1.82±0.4

V (Ohm/s) (volumetric ocular pulse blood filling rate) 0.5±0.2 0.5±0.2 0.5±0.6

Note: p, significance of difference between groups; n, number of eyes; М, mean value; SD, standard deviation

Table 5. Volumetric ocular pulse blood filling (RQ ‰) and volumetric ocular pulse blood filling rate (V, expressed in Ohm/s) in 
patients with uncomplicated RRD or RRD complicated by CD and different intraocular pressure (IOP) values 

Table 6. Hemodynamics characteristics (M±SD) of the fellow eye (as assessed by ophthalmic rheography) in patients with 
uncomplicated rhegmatogenous retinal detachment (RRD) or RRD complicated by choroidal detachment (CD) and different 
forms of peripheral retinal degeneration

Characteristics

No degenerative 
changes

n=8
(1)

Vitreoretinal 
degeneration

n=6
(2)

Vitreo-chorioretinal 
degene-ration

n=5
(3)

RQ ‰ (volumetric ocular pulse blood filling) 2.6±0.6
р1-2=0.1
р1-3=0.01

2.1±1.1 1.8±0.6

α1/T (%) (vascular tone in large-caliber vessels) 22.1±2.0 23.0±1.2 20.0±1.1

α2/T(%) (vascular tone in small-caliber vessels) 16.4±1.8 16.8±1.4 15.8±2.1

V (Ohm/s) (volumetric ocular pulse blood filling rate) 0.8±0.1
р1-2=0.002
р1-3=0.002

0.6±0.1 0.6±0.2

Note: p, significance of difference between groups; n, number of eyes; М, mean value; SD, standard deviation

Fig. 1. Correlation between volumetric ocular pulse 
blood filling (RQ ‰) and intraocular pressure


