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Abstract
Purpose Retinopexy is the most common vitreo-retinal procedure performed in the eye emergency department and sig-
nificantly reduces the risk of a rhegmatogenous retinal detachment (RRD). There are various indications for retinopexy, with
the most common being horseshoe-tears (HST). Multiple treatment techniques exist, ranging from slit-lamp laser-retinopexy,
indirect laser-retinopexy or cryopexy. We report on our primary retinopexy 6-month RRD rate, repeat retinopexy rate and
compare outcomes of different indications and treatment modalities.
Methods Retrospective consecutive case series of 1157 patients attending Birmingham and Midlands Eye Centre, UK
between January 2017 and 2020.
Results The RRD rate at 6 months was 3.9%, with 19.1% requiring subsequent retinopexies. Multivariate Cox survival
regression analysis showed that significant risk factors for RRD following primary retinopexy included male gender (p=
0.012), high myopia (≤− 6.00D, p= 0.004), HST (compared to round holes, p= 0.026) and primary cryopexy (compared to
slit-lamp laser, p= 0.014). HST was the most common indication for retinopexy (812 [70.2%]) in which 118 (14.5%) had
multiple tears. Slit-lamp laser was used in 883 (76.3%) of cases. The rate for subsequent epiretinal membrane peel surgery
was 3 (0.3%) and was higher in eyes that required multiple retinopexy procedures (p= 0.035).
Conclusion With our large cohort of patients over three years, we provide additional evidence on the RRD and subsequent
retinopexy rate after primary retinopexy. Further retinopexy is a common occurrence, particularly in high-risk retinal
tears such as HST. Strict monitoring and prompt follow-up after retinopexy is important to prevent progression to
RRD and should be of priority in the clinicians post-retinopexy management plan, particularly in those with associated risk
factors.

Introduction

Retinopexy to prevent rhegmatogenous retinal detachment
(RRD) constitutes a large proportion of essential emergency
work in any acute ophthalmic service. Without treatment,
retinal tears can progress to RRD in 30–50% of cases [1, 2],
which reduces to 2.1–8.8% following retinopexy [3–5]. Slit-
lamp laser retinopexy has become widely practised as the

first-choice treatment to prevent the occurrence of a RRD in
an emergency setting. Indirect laser and cryopexy for retinal
tears are more specialist procedures, requiring a certain level
of experience, and is therefore often provided by a vitreo-
retinal (VR) service. These methods are especially important
for anterior breaks as they allow for adequate cover through
indentation where slit-lamp retinopexy may not.

While horseshoe tears (HST) are the most common
indication for patients with symptomatic posterior vitreous
detachment requiring retinopexy, many patients are treated
for operculated breaks, round holes and barrier laser for a
localised or chronic RRD. Additionally, three-sixty barrier-
laser is sometimes applied in high-risk eyes to prevent
progression to a RRD [6].

In this study, we present the largest case series to date of
primary retinopexies and investigate their outcomes and risk
factors through multivariate regression analyses.
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Methods

We present a single centre, retrospective, continuous com-
parative study, to analyse all patients that had a primary
retinopexy from January 2017 to 2020. The research
adhered to the tenets of the Declaration of Helsinki and all
patient data extracted were anonymised for analysis. All
data were extracted from electronic patient records (EPR,
Medisoft Ophthalmology, Medisoft Limited, Leeds, UK)

Our primary outcome measure was to report RRD rate
following primary retinopexy at 6 months. Secondary out-
come measures included the need for repeat retinopexy in
the same eye within 6 months and the risk factors that led to
this, and the rate of needing subsequent epiretinal mem-
brane (ERM) surgery following primary retinopexy. Reti-
nopexy was performed in patients with a variety of retinal
pathology (tears, holes, lattice degeneration and localised
retinal detachments) to create adequate chorio-retinal
adhesions and to reduce the risk of retinal detachment.
Retinopexy was performed with either cryopexy or through
laser photocoagulation, with the later consisting of either
slit-lamp or indirect ophthalmoscopy. Furthermore, the laser
delivered could be localised around the pathology or 360-
degree. Laser treatment consisted of surrounding retinal
breaks with two to three rows of confluent laser burns using
either a contact lens or a noncontact condensing lens
system.

All patients, following retinopexy, were reviewed within
four weeks in a VR clinic as per our trust treatment pro-
tocol. Following this, if patients were found to have
inadequate retinopexy cover, they underwent further reti-
nopexy. In addition, patients could also have further treat-
ment if they presented to the emergency eye clinic with
deterioration of symptoms and clinically determined to
require more treatment. Cryopexy was generally reserved
for very anterior breaks with vitreous haemorrhage that
made laser impossible to complete. Indirect laser (with local
anaesthetic) was performed on patients who were intolerant
of slit-lamp laser, or if the retinal break was too anterior to
be adequately treated by slit-lamp retinopexy alone. Lastly,
360-indirect laser retinopexy was performed on high-risk
eyes, with significant ocular co-morbidities or multiple
areas of retinal pathology. Operators were all third-year
residents as a minimum and were independent operators.

All patients that had prior VR surgery in the same eye
were excluded. RRD rate was defined as requiring RRD
surgery within 6 months of have a primary retinopexy in the
same eye. As a tertiary referral centre, patients whose
postcode was outside the catchment area were excluded, as
these patients may have had further retinopexy or surgery at
the referring unit. All RRD surgery performed in our cohort
were either transconjunctival 23-gauge-PPV with vitreous-
base trim, cryotherapy/laser retinopexy and gas or oil

tamponade or scleral buckling. Preoperative data collection
included indication of treatment, age, gender, morphology
of retinal break, number of tears and presence of high
myopia. High myopia in our unit is defined as the spherical
equivalent of ≤−6.00 Dioptres. We also looked at the
delivery system preferred for retinopexy (slit lamp, indirect
laser retinopexy, indirect 360 laser retinopexy or cryopexy).
Postoperative data was collected for the duration of follow-
up and included the indication of further treatment in the
same eye, 6-month detachment status, and subsequent ERM
surgery.

Statistical analysis

Statistical significance was defined as p < 0.05. Prior to
analysis, normality of continuous variables was assessed
using the Shapiro–Wilk test, and found not to be normally
distributed. Hence, data are primarily reported as medians
and interquartile ranges (IQRs) throughout. Mann–Whitney
U and Kruskal–Wallis Test were used to compare two and
three independent groups respectively. Fisher exact test and
Chi-Squared test were used for nominal variables. McNe-
mar test was used for paired nominal variables. Bonferroni
correction was applied for multiple statistical analysis. To
account for variable operator VR experience, patient age,
gender, presence of high myopia, treatment indication (HST
compared to round holes), treatment modality, a multi-
variate Cox regression survival analysis was performed
analysing both repeat retinopexy and RRD. Time in days to
repeat retinopexy and RRD were used respectively, with
operator grade (dichotomised to general ophthalmologist
and VR specialist), gender, age, high myopia and treatment
modality (cryopexy, slit-lamp and indirect retinopexy), and
indication for treatment (HST vs Hole), as covariates. All
statistical analysis was performed using IBM SPSS Statis-
tics for Windows, Version 26.0 (IBM Corp, Armonk NY).

Results

We report on the primary retinopexy outcomes of 1157
patients. A summary of clinical characteristics of primary
retinopexy are found in Table 1. We found that HSTs
constitutes the majority indication for primary retinopexies,
accounting for 812 (70.2%) of eyes. Sixty-four (5.5%)
patients required bilateral retinopexy and 42 (3.6%) were
performed at the time as fellow eye RRD repair surgery.
Slit-lamp laser retinopexy was the most common treatment
modality with 883 (76.3%) of patients.

A summary of the retinopexy outcomes is shown on
Table 2. Repeat retinopexies were required in 19.1% of
patients, on average 17 days after initial treatment, with
some patients requiring up to four further sessions. Pertinent
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findings include an overall 6-month RRD rate of 3.9%.
RRD surgery comprised of PPV 41 (3.5%), SB in 3 (0.2%)
and combined PPB and SB in 4 (0.3%). RRD surgery was
carried out at a median 15.0 (IQR 3.0–51.0) days after the
initial retinopexy.

Risk factors that led to RRD are found in Table 3. In our
study, significant risk factors associated with RRD included
a younger age group, high myopia, and male gender (p=
0.046, p= 0.029 and p= 0.022, respectively). We found a

similar proportion of patients required repeat retinopexy
between the group of patients that did not detach and those
that developed RRD (212 [19.0%] and 10 [22.2%] respec-
tively, p= 0.565) and so requiring repeat retinopexy was
not identified as a risk factor for developing RRD. HST
compared to round holes were found to have significantly
higher RRD rate of 35 (4.3%) compared to 2 (1.1%)
respectively (p= 0.031). No operculated breaks that had
primary retinopexy required RRD surgery at 6 months.
Barrier retinopexy for RRD was successful in 53 (93.0%) of
cases. Patients that developed a RRD had a shorter time
interval between primary and secondary retinopexy (p=
0.012). Cryopexy compared to laser retinopexy was asso-
ciated with a higher rate of RRD (8 (8.2%) compared to 37
(3.5%) respectively, p= 0.047). However, cryopexy was
performed in significantly more HST than holes compared
to laser (p < 0.001) and was more utilised with multiple

Table 1 Baseline clinical characteristics of primary retinopexy.

n (%)

Total 1157

Age (years, IQR) 59.0 (49.0–66.0)

Gender (% male) 630 (54.5%)

Laterality (% right) 587 (50.7%)

High Myope (% yes) 45 (3.9%)

Indication

HST 812 (70.2%)

Operculated break 79 (6.8%)

Round hole 107 (9.2%)

Lattice degeneration 60 (5.2%)

Retinal detachment 57 (4.9%)

Other 42 (3.6%)

Retinopexy type

Slit lamp 883 (76.3%)

Indirect 155 (13.4%)

360 indirect laser 22 (1.9%)

Cryopexy 97 (8.4%)

Performed bilateral (%) 64 (5.5%)

Performed during fellow eye RRD surgery (%) 42 (3.6%)

Age is reported as median (interquartile range).

Table 2 Outcome of primary retinopexy patients.

n (%)

6-month detachment rate (% yes) 45 (3.9%)

Further retinopexy (% yes) 221 (19.1%)

0 936 (80.9%)

1 181 (15.6%)

2 32 (2.8%)

3 6 (0.5%)

4 2 (0.2%)

Days to second retinopexy 17.0 (3.0–46.0)

Days to detachment surgery 15.0 (3.0–51.0)

Further vitrectomy (% yes)a 41 (3.5%)

Further buckle (% yes)a 7 (0.6%)

Epiretinal membrane peel (%) 4 (0.3%)

Continuous variables are presented as median (interquartile range).
aFour patients had combined vitrectomy and scleral buckle.

Table 3 Risk factors leading to 6-month retinal detachment following
primary retinopexy.

No detachment 1113
(96.1%)

Detached
45 (3.9%)

p value

Age (years, IQR) 59.0 (49.0–66.0) 54.0 (48.0–60.0) 0.045

High Myope (% yes) –

No 1072 (96.4%) 40 (3.6%) 0.029

Yes 41 (89.1%) 5 (10.9%)

Gender

Male 598 (94.9%) 32 (5.1%) 0.022

Female 514 (2.5%) 13 (2.5%)

Indication

HST 777 (95.7%) 35 (4.3%) 0.146

HST (x1) 667 (96.1%) 27 (3.9%)

HST (>1) 110 (93.2%) 8 (6.8%)

Operculated break 79 (100.0%) 0 (0.0%)

Round hole 92 (98.9%) 1 (1.1%)

Lattice degeneration 59 (98.3%) 1 (1.7%)

Retinal detachment 53 (93.0%) 4 (7.0%)

Other 39 (92.9%) 3 (7.1%)

Retinopexy type

Slit lamp 853 (96.6%) 30 (3.4%) 0.137

Indirect 149 (96.1%) 6 (3.9%)

360 laser 21 (95.5%) 1 (4.5%)

Cryopexy 89 (91.8%) 8 (8.2%)

Further retinopexy 212 (19.0%) 10 (22.2%) 0.565

0 901 (96.3%) 35 (3.7%) 0.914

1 173 (95.1%) 9 (4.9%)

2 31 (96.9%) 1 (3.1%)

3 6 (100.0%) 0 (0.0%)

4 2 (100.0%) 0 (0.0%)

Days to second
retinopexy

17.0 (3.0–49.0) 1.5 (1.0–7.5) 0.012

Continuous data are reported as median (interquartile range).
Mann–Whitney U test was used to compare Age between groups.
Chi-Squared (>2 groups) and fisher-exact test (2 groups) were
otherwise used to compare nominal groups.

Statistical significance in bold.
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HST (p= 0.003). A breakdown of laser compared to
cryopexy use by indication can be found in Fig. 1A.

Repeat retinopexy was performed in 187 (23.0%) of HST
compared to 15 (8.0%) of round holes (p < 0.001). Figure 1B
shows the distribution of delivery method used in primary
retinopexy compared to the subsequent second treatment.
Significantly, more cryotherapy is used for further retino-
pexy than laser (p < 0.001, McNemar test). Patients under-
going multiple retinopexy procedures compared to a single
retinopexy were associated with an increased rate of needing
subsequent ERM surgery (p= 0.035). There was no differ-
ence in the number of patients having ERM surgery between
laser and cryopexy (p= 0.231).

Following 360-laser indirect retinopexy, only one of the
22 patients detached (4.5%). Two patients however did
need further retinopexy (one indirect and one slit lamp).

Cox multivariate regression survival analysis

Due to high number of risk factors, a multivariate Cox
survival regression analysis was performed on the risk
factors for RRD and further retinopexy following primary
retinopexy. Our Cox regression survival analysis can be
found in Table 4. HST (relative to round holes, p < 0.001)
and high myopia were associated with significantly higher
repeat retinopexy rate (p= 0.042).

HST (p= 0.026), male gender (0.012), high myopia
(p= 0.004), general ophthalmologists (compared to VR
specialist, p= 0.014) and cryopexy (relative to slit-lamp
laser, p= 0.014) were all associated with higher RRD rate
following primary retinopexy.

Discussion

To the best of our knowledge, this represents the largest
case series of retinopexy outcomes available. In addition,
we use a multivariate Cox survival regression analysis to
identify risk factors for repeat retinopexy and RRD rate.
Our RRD rate of 45 (3.9%) is consistent with that found in
the literature, which is reported as between 2.1 and 8.8%.
[3–5, 7–11] Garoon et al., in a study of 401 eyes reported
comparable results with a RRD rate of 5.7% [10]. We
demonstrate that HST, compared to retinal holes, lead to a
significantly higher risk of RRD. However, we also
demonstrated that higher risk patients are more likely to
undergo cryopexy for primary retinopexy, including those
with multiple HST and localised RRD (Fig. 1A). Within our
unit, cryopexy is usually reserved for anterior, more difficult
tears, breaks obscured by vitreous haemorrhage, and those
with multiple breaks that would carry a poorer prognosis.
Due to the retrospective nature of this study, it is not pos-
sible to make conclusions on the safety profile of cryopexy
compared to laser retinopexy from these data alone and
further prospective studies would be required. We did not
find that further retinopexy after primary retinopexy
increased the risk of RRD. Retinopexy for barrier RRD was
used to good effect in our cohort, avoiding RRD surgery in
53 (93.0%) of cases. This offers a better primary success
rate than most literature reports [12–14]. Furthermore, with
regards to 360-degree laser, we found that only one out of
the 22 patients had a detached retina. Chauhan et al. con-
versely found a 76% RRD rate following 360 prophylactic
laser in eyes that did not have a posterior vitreous

Fig. 1 Retinopexy type (laser vs. cryotherapy) by indication and by primary and secondary retinopexy subtype. A Stacked bar chart of
indication and retinopexy type (laser vs. cryotherapy). HST: Horseshoe tear, GRT: Giant Retinal Tears. B Proportions of primary and secondary
retinopexies by retinopexy subtype.
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detachment [15], although this may represent a different
group of patients to ours.

Within our own unit, we have previously reported repeat
retinopexy rates: i) Petrou et al. in 2014 found that their study
of 100 consecutive retinopexies in September 2010–2011,
resulted in a repeat retinopexy rate of 40% with a 0% RRD
rate [8], and ii) Ghosh et al. in 2005, in a study of 100
consecutive trainee surgeons found a repeat retinopexy rate
of 24% over a period between August 2000 to December
2002 [7]. This is compared to our current study rate of
19.1%. The reasons for these fluctuations within the same
unit are manifold. Firstly, those papers focused on retino-
pexies performed only within the emergency department
(ED), whereas we captured all primary retinopexy (including
prophylactic 360 laser indirect retinopexy). Typically, in the
ED, primary retinopexy is performed by residents who are
not VR specialists, compared to our cohort, where we cap-
tured primary retinopexies also performed by VR fellows and
consultants. Additionally, 20 years on from the initial study
by Ghosh et al., we are performing much higher numbers of
retinopexy in our unit. This may be due to a possible change
in indication and clinical management of tears within our
unit. This could also be further exacerbated by an increase in

referrals for asymptomatic holes from primary care. In
addition to a variable repeat retinopexy rate reported by our
unit, this figure is considerably variable in the literature,
Levin et al. reported additional laser treatment in 15% of eyes
and a RRD rate of 1.2% [16]. However, they also reported
that 56.6% of patients were asymptomatic at the time of
retinopexy. Garoon et al., reported further retinopexy use in
18.7% of eyes [10].

In our cohort we found that 3 (0.3%) of our patients
required subsequent ERM surgery consistent with that of
other reports (0.2–10%) [16–18]. This was significantly
higher in patients requiring repeat retinopexy than those
treated once (0.9% and 0.3% respectively, p= 0.035).

Study limitations and strengths

The limitations of our study include its retrospective nature
and lack of case randomisation. Additionally, we used RRD
surgery as a determinant of failed primary retinopexy at
6 months. Patients may also have had their surgery at
another eye unit, although patients were excluded by post-
code to minimise this probability. Due to the retrospective
nature of this study, we had no standardised protocol to
follow and retinopexy was performed at the discretion of
the reviewing clinician. However, this study has several
strengths. A retrospective analysis allowed us to collate a
large case series for adequate numbers even within smaller
subgroups. By excluding patients outside our catchment
area and ensuring data capture when all clinicians were
utilising electronic patient records, we can present con-
secutive cases. Decision for further retreatment of retino-
pexy is typically performed by experienced VR clinicians.
Additionally, a multivariate analysis helps reduce con-
founders of multiple investigators with various VR experi-
ence, multiple mode of delivery of treatment, and variations
in clinical presentations.

Conclusions

With a larger cohort, our study gives more conclusive
evidence of the RRD rate following retinopexies, as well as
the rate of subsequent retinopexies performed. Further
retinopexy is a common occurrence following primary
retinopexy and we demonstrate that HST have a higher risk
profile than holes and require more retinopexy treatments
and a higher RRD rate. Cryopexy is reserved for higher risk
indications and consequently has a higher RRD rate than
laser retinopexy. Strict monitoring and adequate prompt
follow-up after retinopexy are important to prevent pro-
gression to RRD and should be of priority in the clinicians
post-retinopexy management plan, particular in those with
associated risk factors.

Table 4 Multivariate Cox regression survival model for time to repeat
retinopexy and retinal detachment.

Event Β co-
efficient

Hazard ratio
(95% CI)

p value

Repeat retinopexy (yes)

Age −0.01 0.99 (0.98–1.01) 0.403

Gender (male) 0.05 1.05 (0.74–1.50) 0.790

HST or Hole (REF:Hole) 1.35 3.84 (1.85–7.98) <0.001

High Myope = Yes 0.80 2.22 (1.03–4.79) 0.042

Operator grade (REF:Gen) 0.31 1.36 (0.87–2.14) 0.179

Indirect lasera −0.84 0.43 (0.17–1.11) 0.080

Cryopexya −0.34 0.72 (0.35–1.46) 0.357

Retinal detachment (yes)

Age −0.02 0.98 (0.96–1.00) 0.096

Gender (male) 0.93 2.54 (1.22–5.27) 0.012

HST or Hole (REF:Hole) 1.68 5.36 (1.23–23.38) 0.026

High Myope = Yes 1.59 4.89 (1.68–14.25) 0.004

Operator grade (REF:Gen) −1.77 0.17 (0.04–0.69) 0.014

Indirect lasera 1.10 2.99 (0.80–11.12) 0.102

Cryopexya 2.00 7.41 (1.49–36.86) 0.014

Significance defined as p < 0.05.

Significant values in bold.

HST (relative to round holes, p < 0.001) and high myopia (0.042) were
associated with significantly higher repeat retinopexy rate.

HST (p= 0.026), male gender (0.012), high myopia (p= 0.004),
general ophthalmologists (relative to VR specialist) and cryopexy
(relative to slit-lamp laser, p= 0.014) were all associated with higher
retinal detachment rate following primary retinopexy.

HST Horseshoe-tear, VR Vitreoretinal, Operator Grade (Gen General
Ophthalmologist/VR Specialist), REF reference variable.
aCompared against slit lamp retinopexy as reference covariate.
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What was known before

● Retinopexy can be delivered through various techniques
such as slit-lamp laser retinopexy, indirect laser
retinopexy and cryopexy for various types of retinal
breaks and indications.

● Few large case series exist to assess outcomes of
primary retinopexy by indication and subtype of
retinopexy and their success in preventing RRD.

What this paper adds

● This three-year study, with the largest cohort of patients,
provided additional evidence of RRD and subsequent
retinopexy rate following primary retinopexy with
multivariate regression analysis.

● Our large cohort identifies the safety profile of
performing primary retinopexy for various indications,
from round holes to RRD. Retinopexy was an effective
treatment with an overall 3.9% 6-month RRD rate and a
19.1% retinopexy retreatment rate, but increased
retinopexy episodes were associated with a higher need
for subsequent epiretinal membrane surgery.
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