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BACKGROUND: To evaluate the influence of age on the clinical characteristics of primary rhegmatogenous retinal

detachments (RRD).

METHODS: We conducted a retrospective review of a prospectively collected dataset. Data regarding adult patients (aged 16-100 years)
who had undergone primary RRD repair, were extracted from two online databases. Baseline demographics, preoperative clinical
characteristics and surgical management details were collected. Age-based groups (16-30, 30-39, 40-49, 50-59, 60-69, 70-79, >80) were
compared using univariate analysis, with multivariate testing for interaction of age with sex, laterality and pseudophakia.

RESULTS: In total, 8,133 eyes were analysed, of which the majority (59%) were in the 50-69 age-range peaking at 60, with a male
predominance (64%). Myopia was significantly more frequent in patients aged <50 years. The presence of posterior vitreous detachment
increased up to 50 years, then remained >95%. Foveal involvement, grade C proliferative vitreoretinopathy, total RD and greater RD
extent were more common and progressively increased after 60 years, with worsening visual acuity. Isolated superior RRDs became more
prevalent with age reaching a plateau in the age-range 50-69, before reducing again; conversely, isolated inferior RRDs were commoner
in those <30, with a minimum in the 70-79 age-range. The incidence of fellow-eye RRD decreased linearly with age.
CONCLUSIONS: Age appeared a key variable in RRD phenotype influencing a wide range of RRD characteristics. The higher incidence of
myopia, PVD absent and bilateral RRD in patients <40 years and the significant phenotypical differences in the under 40 and over 50
age-groups highlight that there are several discrete forms of RRD.

Eye (2023) 37:1114-1122; https://doi.org/10.1038/541433-022-02061-y

INTRODUCTION
Rhegmatogenous retinal detachment (RRD) is the most common
form of retinal detachment having an annual incidence in the
general population of between 0.01-0.02% [1-3]. Several factors
have been associated with increased risk of RRD, such as pre-
existing peripheral retinal degenerations, high myopia, Caucasian
or Asian ethnicity, fellow eye history, cataract surgery and age [1-8].
It is known that the incidence of RRD varies with age. In
particular, two proposed peaks have been identified in the age
distribution of RRD, namely the third decade of life and the
interval between 55 and 69 years of age [9-12]. The former has
been mainly associated with a concurrent diagnosis of myopia;
[10, 11, 13] whereas the latter has been seen to correlate with a
higher prevalence of posterior vitreous detachment (PVD), that
has a crucial role in the pathogenesis of RRD [12]. Moreover, some
evidence suggests a relationship between age and RRD features.
For instance, it has been reported that the likelihood of foveal
involvement increases as age increase, whilst more controversially
there has been an association between age and inferior retinal
breaks proposed [7, 8]. Patients aged more than 80 have also been

reported to have worse single surgery anatomic success rate
compared to younger patients [14, 15].

It is known that a detailed characterization of RRD in terms of
phenotype plays an important role in understanding pathogenesis
and in surgical planning. However, exactly how age alters the
phenotype of the RRD has not been studied in a large cohort. This
has particular significance with population ageing occurring in
many countries [15, 16].

In the light of this, our aim was to analyse the effect of age on
primary adult RRD in terms of their clinical characteristics and
surgical management in a large prospectively collected database
cohort.

METHODS

The data for this analysis were extracted from the Britain & Eire Association
of Vitreoretinal Surgeons (BEAVRS) RRD audit database and the Euretina
RRD database in March 2020, including all RRDs in patients 16 years of age
and older, that had undergone surgery of any type (i.e. vitrectomy,
buckling, pneumatic retinopexy or combinations thereof) from May 2011
to May 2019 The two databases are based on the same methodology and
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inclusion/exclusion criteria for data collection. The BEAVRS database is
compliant with the UK national RD dataset (https://www.rcophth.ac.uk/
standardspublications-research/audit-and-data/clinical-data-sets/retinal-
detach ment-data-set/). It only includes primary RRDs, and excludes RDs
secondary to severe contusion, penetrating injury, vaso-proliferative
disorders, inflammatory eye disease, ocular dystrophies and syndromic
pediatric RD (<16 years old).

Data is entered at the end of surgery and then again after a
postoperative follow-up (FU) of at least 2 months. The data collected
include demographic and preoperative clinical findings such as age, sex,
comorbidity, lens status, best corrected visual acuity (VA), duration of
central vision loss, ocular co-pathology potentially interfering with
the functional outcomes, presence or absence of PVD (assessed
intraoperatively), presence and grade of vitreous haemorrhage (VH)
[17], anatomical findings of RD, and a history of a fellow eye RD.
Intraoperative and surgical details such as gauge of vitrectomy system,
type of tamponade, type of scleral buckle (SB) if performed, modality of
retinopexy, combination of cataract surgery, and any complications are
recorded.

Importantly, to facilitate the data collection, a RD drawing tool is integral
to the database which allows the user to record the RD distribution, extent,
location, type and size of all retinal breaks, as well as features including
PVR, retinoschisis, and lattice degeneration [8]. Several of the features of
the RD drawing are then automatically recorded numerically including the
RD extent (in clock hours and divided into quadrants), number, type and
location of retinal breaks in attached and detached retina, extent of the
biggest retinal break (in clock hours), location of the lowest retinal break,
foveal involvement, and the presence, extent and grade of proliferative
vitreoretinopathy (PVR), according to the revised Silicone Oil Study grading
system [18].

Cases with incomplete documentation of age, laterality, sex, and
lens status and/or incomplete retinal drawing, were excluded from the
analysis.

To analyse differences in the distribution of the RD we derived a number
of groups based on their location including those localized to one
quadrant hemisphere only, as well as those with any involvement of the
superior or inferior retina. Similarly, the position of the lowest break was
categorized as being superior (10 to 2 oclock), inferior (4 to 8 oclock), and
either nasal (1 to 5 oclock in right eyes and 7 to 11 oclock in left eyes) or
temporal (7 to 11 oclock in right eyes and 1 to 5 oclock in left eyes).

This study followed the UK’s Data Protection Act and the declaration of
Helsinki. The database does not contain any data from which the identity
of a patient might be established. Internal identification is via a unique
random alphanumeric code. No IRB approval and/or informed consent
were therefore needed according the UK guidelines; the database being
considered a service evaluation. As per study purpose, the eyes were
divided according to the age-range of the patient.

Statistical analysis

R version 3.4.1 (https://www.r-project.org/) was used to perform the
analyses presented. VA values were converted to the logarithm of the
Minimum Angle of Resolution (logMAR), attributing the value of 1.98, 2.28,
2.70 and 3.00 to count fingers, hand movements, perception of light and
no perception of light, respectively [19]. Variables were analysed based on
differences between the following age groups; 16-30, 30-39, 40-49,
50-59, 60-69, 70-79, =80 years. Continuous variables were analysed using
ANOVA and Kruskal Wallis tests, as appropriate. Associations between non-
continuous variables were analysed using the chi-square test and Fisher's
exact probability. Interactions between age and the presence of
pseudophakia, sex and laterality for the variables RD extent, break size,
break number, VH, PVR, and the presence of inferior RD and inferior breaks
were tested with logistic regression. Statistical significance was considered
if p-value was less than 0.01, based on the exploratory nature of the
analysis and the number of comparisons made.

RESULTS

Data of 8416 eyes were extracted. Of these, 283 eyes were
excluded due to inappropriate entry (28) or incomplete data (255).
Therefore, we analysed a total of 8,133 eyes. Eighty-four
vitreoretinal surgeons contributed to the entering of the data
extracted; the median of the cases per surgeon was 47
(interquartile range, IQR, 10-115).
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Association of RD variables with age
The rates of the different variables analysed in the study cohort
and the analysis of their association with age are showed in
Table 1. The mean age was 59 years and a clear male
predominance was found (63.7% of cases). The index eye was
more commonly right (53.3%), phakic (72%), with PVD present
(89.2%). Vitreous haemorrhage was present in 17.3%, and the
superior retinal quadrants involved in 89% of cases. Foveal
involvement was documented in approximately 50% of eyes.
Fellow eye involvement, either concurrently or previously was
recorded in 9% of cases.

A PPV was performed in the vast majority of eyes (88.7%), more
commonly with short-acting gases as tamponade (53.4%).

All the variables examined were significantly associated with
age (Table 1).

Comparison between age-range groups
Tables 2 and 3 show the different baseline features and surgical
details by age-bands.

The majority of patients (59%) were in the age range 50-69
(Fig. 1A) where the male predominance was significantly more
marked (p < 0.001). Myopic patients were more frequently aged
<50 years (Fig. 1B). As expected, the proportion of phakic eyes
with cataract and pseudophakic eyes increased linearly with age.
Presenting VA worsened with age, in particular in macula off RRDs.
The incidence of a PVD increased linearly up to 50 years, then
reaching a plateau (>95%).

The prevalence of isolated superior and isolated inferior RRDs
reached a plateau in the same age-range (50-69 years), but
exhibiting two opposite trends, as the occurrence of the former
increased with age, whereas the latter became less prevalent with
age (Fig. 2). Isolated temporal and nasal RRD were more evenly
distributed with no clear trends.

Regarding the causative retinal breaks, retinal holes and dialysis
were more common in the age-range 16-40, whereas the
prevalence of large retinal breaks decreased linearly with age.
Similarly, the number of retinal breaks reached a maximum in the
50-69 age range, as did the presence of vitreous haemorrhage.
Older patients demonstrated more severe presenting features
including foveal involvement, grade C PVR, greater RD extent and
concomitant choroidal detachment which all increased progres-
sively after 60 years.

A history of fellow-eye involvement became progressively less
frequent with age.

Interaction with pseudophakia, sex and laterality
None of the associations with age were confounded by the rising
prevalence of pseudophakia and cataract and all associations
remained significant. There was a trend towards age having a
lesser effect in terms of the increase in inferior RRD in
pseudophakic eyes than phakic ones although the age association
of increased inferior retinal involvement at both young and older
age was still significant at p =0.005. Although reliable data on
refractive status before phacoemulsification was not available, the
pattern of findings of pseudophakic RD was more similar to PVD-
related than myopia-related RD, consistently with previous studies
[7, 8l.

None of the age associations were confounded by sex or
laterality, and all remained significant.

DISCUSSION

This study is the largest study to date that has aimed to assess
the influence of age on phenotype and, thus, surgical manage-
ment of primary RRD. The role of age in RRD is well established;
however, the analysis of a significant amount of detailed data
from two databases collecting a wide range of preoperative and
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Table 1. Baseline features and surgical details of the entire cohort.

Variable
Baseline features

Age, years
Mean, SD, (min—-max)

Sex, Male (n, %)
Laterality, Right eye (n, %)

Visual acuity, logMAR
Mean, SD, (min—-max)

Refraction, dioptres
Mean, SD, (min-max)

Lens status (n, %)

Aphakic

Pseudophakic

Phakic

Phakic cataract
Vitreous status (n, %)

No PVD

PVD
Duration visual loss in foveal involving cases, Days (n, %)
High myopia (>6 dioptres) (n, %)
Previous or concomitant fellow eye RD (n, %)
Any vitreous haemorrhage present (n, %)
Extent RD

Total RD present, (n,%)
Extent RD, clock hours, (median, IQR, min—-max)

Foveal sparing (n, %)
Visual acuity, fovea detached cases, logMAR (mean, SD, min-max)
Any superior RD (n, %)
Any inferior RD (n, %)
Isolated superior RD only (n, %)
Isolated inferior RD only (n, %)
Isolated temporal RD (n, %)
Isolated nasal RD (n, %)
Largest break size greater than 1 clock hour (n, %)

Number of retinal breaks in attached retina
0, 1, 2, 3 or more (n,%)

Largest break type present (n, %)

Dialysis

GRT

Round hole

U tear

Outer leaf break with progressive schisis RD
Superior retinal breaks lowest (n, %)
Inferior retinal breaks lowest (n, %)
Temporal retinal breaks lowest (n, %)
Nasal retinal breaks lowest (n, %)
PVR C or worse (n, %)
Presence of choroidal detachments
Presence of subretinal fibrosis
Surgical details

SPRINGER NATURE

N = 8,133 unless otherwise stated

59, 13 (16-100)

5,182 (63.7%)
4,342 (53.3%)
0.98, 0.93, (—0.2 to 3.0)

—2.89, 4.02,
(=30 to +7.75)

82 (1.0%)
2,195 (27.0%)
4,989 (61.3%)
867 (10.7%)

669 (10.8%)
5,534 (89.2%)
6, 3-13, 0-342
331 (11.1%)
507 (9.0%)
1,074 (17.3%)

501 (6.2%)
4, 4-7, (0-12)
4044 (49.9%)
1.638, 0.732 (—0.08, 3)
7,235 (89.0%)
5,766 (70.9%)
2,291 (28.2%)
822 (10.1%)
2,488 (30.6%)
608 (7.5%)
330 (4.1%)

0: 310 (3.8%)
1: 3,657 (45.0%)
2: 1,869 (23.0%)

3 or more: 2,292 (28.2%)

256 (3.3%)
185 (2.4%)
901 (11.4%)
6,449 (82.0%)
73 (0.9%)
4,541 (57.5%)
2,320 (29.4%)
4,842 (61.3%)
1,768 (22.4%)
481 (7.0%)
64 (1.3%)
189 (3.8%)

Association with age, p (n)

NA

<0.001
0.006
<0.001 (n = 6,956)

<0.001, (n = 2,984)

<0.001

<0.001, (n = 6,203)

<0.001, (n=2,564)
<0.001, (n=2,984)
<0.001, (n=5,634)
<0.001, (n = 6,209)
<0.001

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.066 (n = 8,128)

<0.001 (n=7,864)

<0.001
<0.001
<0.001
<0.001
<0.001 (n = 6887)
<0.001, (n =4848)
<0.001, (n =4918)
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Table 1. continued

Variable
Vitrectomy (without scleral buckle) (n, %)
Scleral buckle only (n, %)
Combined vitrectomy and scleral buckle (n, %)
Pneumatic retinopexy (n, %)
Type of tamponade in vitrectomy cases (n, %)
Long-acting gas (C3F8, C2F6)
Short-acting gas (SF6, air)
Silicone Oil
Combined phacoemulsification in vitrectomy cases (n, %)

N = 8,133 unless otherwise stated Association with age, p (n)

7,064 (86.8%) <0.001
769 (9.5%) <0.001
112 (1.4%) <0.001
188 (2.3%) <0.001

<0.001, (n=7105)
2,692 (37.9%)
3,763 (53.0%)
650 (9.1%)

339 (4.2%) <0.001

GRT Giant retinal tear, logMAR Logarithm of the minimum angle of resolution, PVD Posterior vitreous detachment, PVR Proliferative vitreoretinopathy, RD

Retinal detachment, SD Standard deviation.

Number of eyes with primary RRD

Age (years)

30 30-39 4049 pco (vealyS?

Fig. 1 Age distribution of primary rhegmatogenous retinal detachments (RRD) and refractive error in eyes with primary RRD. A The
graph shows the distribution of primary RRD in different age-ranges with a clear peak at 60 years. B The graph shows the distribution of
refractive error in eyes affected by primary RRD in different age-ranges.

40%
35%
30%

25%

- /

15%

Proportion of RDs (%)

10%

5% ——————

0%
<30 30-39 40-49

50-59 60-69 70-79 280

Age (Years)

Superior

Inferor e eeeesTemporal

= = = Nasal

Fig. 2 Topographic distribution of primary rhegmatogenous retinal detachments (RRD) on the basis of age. The graph shows the
distribution of isolated RRD quadrant involvement in different age-ranges.

surgical variables, allowed us to verify previously suggested
age-related features, discover new associations and also
quantify effect sizes in terms of the features for which
differences were found.

Eye (2023) 37:1114-1122

Consistent with data reported in the literature [2, 8-12], there
was a predominance of males and right eyes in our study cohort,
and the prevalence of primary RRD had a single peak at about 60
years old. This age distribution illustrates differences in RRD
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0 QN @ epidemiology between European and Asian pqpulations, \{Vith the
K] 3o | latter characterized by an additional earlier peak in RRD
£ = T l & attributable to a higher prevalence of m.yopia.[ZO, 21].

8‘3 % R § We demonstrated marked phenotypical differences between
) § é ~ é é é é 'ﬁ S patients aged under 40, and those over 50 years of age. Youpg_
QE S l $Y ¢¢9s= 9 adults exhibited the highest prevalence of myopia an myopLa\
R l related RRD with absent PVD, whereas myopia appear to be
become less important with age when PVD-related tealrs
g predominate. Indeed, RRD in young adults was more commonly
% associated with myopia, the absence of PVD, a c!ear crystalline
i lens, involvement of the inferior quadrants, infer!or and rouqd
> 3 85 § g8 § = holes as the causative breaks and subretinal ﬁb.r05|s. The latter is
% S |F ¥R likely due to the slow progression and chronlqty, typical of RBD
R with an attached vitreous [22]. The predominance of myopia-
related RRD along with the significantly more frequent mvoIvg—
ment of the fellow eye supports the stronger role gf gelnetlc
2 factors in the pathogenesis of RRD at earller. age. Consistent| Y, as
288 2 22 g E - demonstrated by a recent meta-analysis of genome-wide
Z i S % =8 = s 23R association studies, genetic.variants associated with high myopia

S N strongly contribute to the risk of RRD [23].. .

RRD secondary to retinal dialysis and giant re'FlnaI tears (GRT)
were more prevalent as a proportion of the tptal in patients agEd
under 40 years and then decreased linearly with age, aIthough the

s o o w© highest absolute number of GRT-related RRD was found in th.e
sin §' £ 2 § & R % ] age-range 50-59, mirroring the‘ Scofctis_h RRD study [24]. It is
3 25 g ~- - BR 2T important to note that eyes with ;lgnlﬁcant ocular trauma, a

known risk factor for retinal dialysis and GRT [25, 26], were
excluded from our database. The higher prevalenge of thes'e twof
distinct forms of RRD in the young age groups with exclu5|ondp

g traumatic and syndromic RDs, also supports the role of predis-
a E g & &g 7 ggg¥ posing genetic factors in their development [26-28]. In support of
2 . 5 5 ¥ - o S @wm this, both had a higher male predominance! and GRTs had a very
e hE high fellow eye rate. Interestingly, myqpla'appeared to be a

weaker factor for GRT and in particular dialysis RD [23]. .

After 50 years of age, RRD was associated more frequently W|'chf

the presence of a PVD, cataract or pseudophakia, m(\j/oIL\J/ement o

g i i i i -tears as
g8 X R R the superior quadrants with mainly superior an

g{:%&' O\:‘ § § 2 § § E @ causative breaks, vitreous haemorrhage, foveal qulvement and

EEE N N grade C PVR. The rapidly rising prevalence of RRD, Wlt'h thehsteagy

increase in the presence of PVD aftgr 50 years gld highlights the

S role of age-induced PVD as the main determlnl'ng factor for the

E‘ peak observed at 60. The documented predominance pf U-te.arsI

5 located superiorly and the involvement of éhe supefrlor lrfgrr]\:r

3 i i i i idence of a hi

m 5 S E & & uadrants is consistent with previous ev .
gﬁ? S\: § § 5 E 02 é ?3 grevalence of superior acute PVD-related tears [29, 30]. Despite

— wn
i e a similar rate of PVD after 50 years, thlebocckurrenclf dra}tetl:);
i i ed in
concomitant VH and the number of retlpa reaks pea |

g age-range 40-69 and then tailed off with age. We. hypothesise

@ that in middle-aged people an agute PVD V\{Ith a more

5 homogenous and firmly adherent vitreous pred{sposes to a

‘§ e § § g § ) greater number, and larger tears w'hilst the sgparatlon ltrau?ihlé

- S g- 3 EE . less vigorous in the presence of a liquefied vitreous gel as i

g st = " case in the eyes of older patients. . .

g The prevalence of more advanced RRD features increased in
3 S older patients, with foveal involvement, grade C PVR, 'grea.ter RD
3 = extent and concomitant choroidal detachment increasing I!ne:arly
% = E 3 E after 60 years old. Moreover, all the significant associations
v 2 3 g 2 2 persisted when we tested whether the variables associated yvlth
2 = g £ 3 g were due to the rising prevalence of pseudophakia. It
B o 2 |zla Bz |& older age we ] . . akia. It
; : s £3 O% ) has been speculated that the highly liquefied vitreous of o

s HEE N 2% i Id lead to a more rapid progression of RRD [15].
2 € T E du oYy £ = patients cou ! : f RRD [15]
g g Z ¢ S8 = P S Consistent with these findings, baseline VA worsene wlh ? X
E £ ol 4 £ 8 é > E % Co-pathologies including the presence .of cataract might asc;
5 2 23 = g o 2 =2 explain worse vision, in line with the |r7creased frequgrr:cy o
7 £ é B8 £ e % B ? g combined phaco-vitrectomy, and RRD with cataract wit age.
. g T 5u £ % °;’ Bl e 58 Interestingly, although the duration of central visual loss showg a
o ¢ e g -‘;’ é g3 g E = g g U-shaped distribution being lowest in the 50—59 age group, visual
= RN EEES acuity in foveal involving cases worsened linearly with age,

Eye (2023) 37:1114-1122
SPRINGER NATURE



probably reflecting the known preservation of acuity in shallow
inferior RRD as occurred most frequently in the youngest age
group. Comparing patients older than 80 years with those aged
40-79, Patel et al. [15] reported that the former exhibited more
complex RRD and were more likely to undergo PPV with silicone
oil tamponade. Our study confirmed a progressive increase in the
use of silicone oil and long-acting gas after 50 years old,
presumably related to the greater complexity of the detachment
and perhaps concerns regarding compliance with posturing
instructions postoperatively.

The large sample size is the major strength of this work, but we
acknowledge there are many limitations. Surgeons are asked to
enter consecutive cases but we cannot verify this and it therefore
cannot be considered a population study. However, our sample
appears to appropriately represent European populations in terms
of baseline features as compared to previous national studies
[2, 9]. Due to the absence of a patient identifier, the same patient
could have been registered twice in case of bilateral RRD repair
during the study period; however, this is likely to account for a
limited proportion of cases. As per routine practice, the data
entered in the database is not collected in a standardized manner
with the potential for bias, however compulsory data fields and
categorisation guidelines reduce variability and key missing data.
Data on paediatric cases were not collected and, thus, we did not
analyse primary RRD in patients younger than 16 years old. A
recent cross-sectional study showed that in this age group the
most common aetiologies of RRD were congenital/developmental
anomalies (50%) and myopia (33.3%) [31]. Finally, detailed data
were not available regarding clinical findings of the fellow eyes, as
this study focused on the characterisation of the index eye.
Further studies could be performed to the characterisation of the
fellow eye of patients with primary RRD with age.

In conclusion, our study strongly supports the crucial influence
of age on RRD phenotype. Non syndromic RRD exhibits as several
different disease types with characteristic phenotypes strongly
related to the age of presentation.

Summary
What was known before

® Age influences some aspects of rhegmatogenous retinal
detachment (RRD) characteristics.

What this study adds

® RRD in <40 and >50 age-groups differ significantly supporting
a completely different pathogenesis and genetic basis.

® Increasing age alters the phenotype of RRD associated with
posterior vitreous detachment in multiple different ways.

® Composition in age should be considered in interpreting
clinical studies.

DATA AVAILABILITY
Data is freely available at https://outcomes.beavrs.org/ via ‘contact’ request and
agreement to BEAVRS data access request guidelines
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