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ABSTRACT

Background

Sickle cell disease (SCD) includes a group of inherited haemoglobinopathies affecting multiple organs including the eyes. Some people
with SCD develop ocular manifestations. Vision-threatening complications are mainly due to proliferative sickle retinopathy, which is
characterised by proliferation of new blood vessels. Laser photocoagulation is widely applicable in proliferative retinopathies. It is
important to evaluate the efficacy and safety of laser photocoagulation in the treatment of proliferative sickle retinopathy (PSR) to prevent
sight-threatening complications.

Objectives

To evaluate the effectiveness of various techniques of laser photocoagulation therapy in SCD-related proliferative retinopathy.

Search methods

We searched the Cochrane Cystic Fibrosis and Genetic Disorders Group’s Haemoglobinopathies Trials Register, compiled from electronic
database searches and handsearching of journals and conference abstract books. Date of last search: 4 July 2022.

We also searched the following resources (26 June 2022): Latin American and Caribbean Health Science Literature Database (LILACS); WHO
International Clinical Trials Registry Platforms (ICTRP); and ClinicalTrials.gov.

Selection criteria

Randomised controlled trials comparing laser photocoagulation to no treatment in children and adults with SCD.

Data collection and analysis

Two review authors independently assessed eligibility and risk of bias of the included trials; we extracted and analysed data, contacting
trial authors for additional information. We assessed the certainty of the evidence using the GRADE criteria.

Main results

We included three trials (414 eyes of 339 children and adults) comparing the efficacy and safety of laser photocoagulation to no therapy in
people with PSR. There were 160 males and 179 females ranging in age from 13 to 67 years. The trials used different laser photocoagulation
techniques; one single-centre trial employed sectoral scatter laser photocoagulation using an argon laser; a two-centre trial employed
feeder vessel coagulation using argon laser in one centre and xenon arc in the second centre; while a third trial employed focal scatter laser
photocoagulation using argon laser. The mean follow-up periods were 21 to 32 months in one trial, 42 to 47 months in a second, and 48
months in the third. Two trials had a high risk of allocation bias due to the randomisation method for participants with bilateral disease;
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the third trial had an unclear risk of selection bias. One trial was at risk of reporting bias. Given the unit of analysis is the eye rather than
the individual, we chose to report the data narratively.

Using sectoral scatter laser photocoagulation, one trial (174 eyes) reported no difference between groups for complete regression of PSR:
30.2% in the laser group and 22.4% in the control group. The same trial also reported no difference between groups in the development
of new PSR: 34.3% of lasered eyes and 41.3% of control eyes (very low-certainty evidence). The two-centre trial using feeder vessel
coagulation, only presented data at follow-up for one centre (mean period of nine years) and reported the development of new sea fan
in 48.0% in the treated and 45.0% in the control group; no statistical significance (P = 0.64). A third trial reported regression in 55% of the
laser group versus 28.6% of controls and progression of PSR in 10.5% of treated versus 25.7% of control eyes. We graded the evidence for
these two primary outcomes as very low-certainty evidence.

The sectoral scatter laser photocoagulation trial reported visual loss in 3.0% of treated eyes (mean follow-up 47 months) versus 12.0%
of controlled eyes (mean follow-up 42 months) (P = 0.019). The feeder vessel coagulation trial reported visual loss in 1.14% of the laser
group and 7.5% of the control group (mean follow-up 26 months at one site and 32 months in another) (P = 0.07). The focal scatter laser
photocoagulation trial (mean follow-up of four years) reported that 72/73 eyes had the same visual acuity, while visual loss was seen in
only one eye from the control group. We graded the certainty of the evidence as very low.

The sectoral scatter laser trial detected vitreous haemorrhage in 12.0% of the laser group and 25.3% of control with a mean follow-up of
42 (control) to 47 months (treated) (P < 0.5). The two-centre feeder vessel coagulation trial observed vitreous haemorrhage in 3.4% treated
eyes (mean follow-up 26 months) versus 27.5% control eyes (mean follow-up 32 months); one centre (mean follow-up nine years) reported
vitreous haemorrhage in 1/25 eyes (4.0%) in the treatment group and 9/20 eyes (45.0%) in the control group (P = 0.002). The scatter laser
photocoagulation trial reported that vitreous haemorrhage was not seen in the treated group compared to 6/35 (17.1%) eyes in the control
group and appeared only in the grades B and (PSR) stage Ill) (P < 0.05). We graded evidence for this outcome as low-certainty.

Regarding adverse effects, only one occurrence of retinal tear was reported. All three trials reported on retinal detachment, with no
significance across the treatment and control groups (low-certainty evidence). One trial reported on choroidal neovascularization, with
treatment with xenon arc found to be associated with a significantly higher risk, but visual loss related to this complication is uncommon
with long-term follow-up of three years or more.

The included trials did not report on other adverse effects or quality of life.

Authors' conclusions

Our conclusions are based on the data from three trials (two of which were conducted over 30 years ago). Given the limited evidence
available, which we assessed to be of low- or very low-certainty, we are uncertain whether laser therapy for sickle cell retinopathy improves
the outcomes measured in this review. This treatment does not appear to have an effect on clinical outcomes such as regression of PSR
and development of new incidences. No evidence is available assessing efficacy in relation to patient-important outcomes (such as quality
of life or the loss of a driving licence). Further research is needed to examine the safety of laser treatment compared to other interventions
such as intravitreal injection of anti-vascular endothelial growth factors (VEGFs) . Patient-important outcomes as well as cost-effectiveness
should be addressed.

PLAIN LANGUAGE SUMMARY

Laser therapy for retinopathy in sickle cell disease

Review question
How effective are the various techniques of laser photocoagulation in sickle cell disease-related proliferative retinopathy (development of
sight-threatening complications due to excessive growth of blood vessels in the back of the eye)?

Background

Sickle cell disease is a genetic disorder affecting many organs including the eyes. The back of the eye (retina) can develop problems due
to sickle cell disease. A certain number of people with sickle cell disease develop sight-threatening complications due to excessive blood
vessel growth in the retina which is known as proliferative sickle retinopathy. Laser therapy is used to control the growth of new blood
vessels in affected eyes. There are different types and techniques of laser used in treatment. However, we do not know whether these
various laser treatments offer advantages compared to no treatment or other interventions with regards to effectiveness and safety.

Search date
The evidence is current to: 26 June 2022.

Trial characteristics

We included three randomised trials (414 eyes, 399 participants), comparing laser treatment to no intervention. There were 160 males
and 179 females ranging in age from 13 to 67 years. The trials used different types of laser treatment. One trial applied lasers to the retina
near the new blood vessels (sectoral scatter laser treatment) using an argon laser. Another applied lasers directly to feeding blood vessels
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(feeder vessel laser coagulation) using either xenon arc or argon laser. The third trial used focal scatter laser photocoagulation with an
argon laser. Participants were followed up for an average of 21 to 48 months.

Key results

There is low- to very low-certainty evidence on the effects of using laser therapy in people with retinopathy related to sickle cell disease.
In one trial, the effect of laser therapy on stopping the progression of new blood vessels and the development of new lesions did not differ
greatly between the groups (very low-certainty evidence). From the evidence found, we are not sure if laser therapy can prevent loss of
vision (very low-certainty evidence), but it may prevent sight-threatening complications (low-certainty evidence). The trials did not report
on patient-important outcomes, such as quality of life.

Evidence from the three trials showed that the safety of laser treatment is acceptable (few adverse effects), particularly scatter laser
treatment using an argon laser. Although xenon arc lasers are linked to a higher number of complications, a loss of vision is not common.
However, given that there are few trials with relatively low-certainty evidence, results should be treated with caution. Further research is
needed to examine the safety of laser treatment compared to other interventions. Trials should also measure patient-important outcomes
(such as quality of life and loss of driving licence) as well as cost-effectiveness.

Certainty of the evidence

We thought there was a risk of bias due to the way participants were selected for groups in two trials, especially since treatment may be
required for both eyes. We thought there was a risk of bias in one trial which only presented some results for one of the two treatment
groups; and we thought a third trial had a risk of bias as it did not clearly state in the Methods section of the paper which outcomes they
intended to report.

Laser therapy for retinopathy in sickle cell disease (Review) 3
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SUMMARY OF FINDINGS

Summary of findings 1. Summary of findings - laser therapy compared with no laser therapy for retinopathy in sickle cell disease (SCD)

Laser therapy compared with no laser therapy for retinopathy in SCD

Patient or population: children and adults with SCD and PSR

Settings: outpatients

Intervention: laser therapy (photocoagulation)

Comparison: control (defined as no laser photocoagulation)

Outcomes Illustrative comparative risks* (95% CI)1 Relative effect  No of partici- Certainty of Comments
(95% ClI) pants the evidence
Assumed risk Corresponding risk (studies) (GRADE)
Control Laser therapy

Regression of In 1 study, complete regression of PSR was seen in 30/99 eyes NA 247 eyes [ 217 OO Another study of 167
PSR: change in (30.2%) in the laser therapy group and in 17/75 eyes (22.4%) in participants very low eyes in 122 participants
number and size the control group. (2 studies) a,b,c reported this outcome
(in clock hours for the laser therapy
or in degrees of group only (the data for
retinal circum- Partial . in 51/99 519%) in the | th the control group were
ference) of new artia regrejsl|<8>n7\évas see2n3|r;0/ / tEyes ( ; 01) in the laser thera- not provided).
blood vessels py group and 18/75 eyes (23.7%) in the control group.

. . 78/87 eyes (89.6%) in
Follow-up A552321/d §tut(:]y rleported that rsglrgsg)séon Waszsse::; in 2tlr/]38 ey(tes [ the laser therapy group
(mean): Study 1: (55%) in the laser group an /35 eyes (28.6%) in the contro showed complete clo-
42 - 47 months group.. sure of neovasculariza-

tion (Jampol 1983).

Study 2: 4 years
Developmentof  One study reported new PSR developed in 34/99 eyes in the laser  NA 247 eyes [ 217 elcle] Another study reported
new PSR: prolif- therapy group (34.3%) and in 31/75 eyes (41.3%) in the control participants very lowa;bc only the long-term fol-
eration of blood group. (2 study) low-up of 45 eyes for be-

vessels at a new
area/progression

tween 5.75 to 12 years.
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of existing PSR af-

One study reported on progression of existing PSR and it was

Development of new

ter treatment seen in 4/38 treated eyes (10.5%) and 9/35 control eyes (25.7%) sea fan was reported in
(Sayag 2008). 12/25 eyes (48.0%) in the
laser therapy group and
Foll 9/20 eyes (45.0%) in the
oflow-up control group (Jampol
(mean): 42 -48
1983).
months
Quality of life Outcome not reported NA
Follow-up: NA
Changeinvisual  One study reported visual loss in 3/99 eyes (3.0%) in the laser NA 414 eyes /339 Telelo)
loss associated therapy group compared to 9/75 eyes (12.0%) from the control participants very lowa;b,d
with PSR: visual group at a mean follow-up of up to 47 months (3 studies)
loss is defined by
the deterioration
of visual acuit
of 3 lines or m)c/)re One study reported visual loss in 1/87 eyes (1.14%) in the laser
. therapy group compared to 6/80 eyes (7.5%) in the control group
with the Snellen
at a mean follow-up of up to 32 months.
chart
A third study reported that at a mean follow up of 4 years 72/73
Follow-up . . . ;
(mean): 21 - eyes showed no change in visual acuity. Visual loss was seen in
48months only 1 eye from the control group (Sayag 2008).
Occurence of vit-  In 1 study, vitreous haemorrhage was detected in 12/99 eyes NA 414 eyes /339 eapod,b Long-term follow-up of
reous haemor- (12.0%) in the laser therapy group compared to 19/75 (25.3%) participants 45 eyes in 1 study be-
rhage from the control group at a mean follow-up of up to 47 months. (3 studies) low tween 5.75 to 12 years

Follow-up
(mean): 21 - 48
months;

In 1 study, vitreous haemorrhage was detected in 3/87 eyes
(3.4%) in the laser therapy group compared to 22/80 eyes
(27.5%) in the control group at a mean follow up of up to 32
months.

showed that vitreous
haemorrhage occurred
in 1/25 eyes (4.0%) in the
laser therapy group and
9/20 eyes (45.0%) in the
control group.
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A 3rd study reported that vitreous haemorrhage was not seen in
the treated group compared to 6/35 (17.1%) in the control group

up to 4 years.

Adverse effects In 1 study, at a mean follow-up of up to 32 months, 41/87 eyes NA 414 eyes /339 eapod,b Long-term follow-up of
(47.12%) in the developed choroidal neovascularization and reti- participants 45 eyes in 1 study be-
nal detachment was reported in 5/87 eyes (5.74%) in the laser (3 studies) low tween 5.75 to 12 years
therapy group. Neither of these events occurred in the control showed 1/25 eyes (4.0%)

Follow-up inthe | th

9148 group. in the laser therapy

(mean): group developed a reti-

months

nal tear (Fox 1993).

In 1 study, at a mean follow-up of up to 47 months, retinal de-

tachment was reported in 3/99 eyes (3.0%) eyes in the laser ther-

apy group and 8/75 eyes (10.6%) in the control group. No retinal haemorrhage
or choroidal haemor-
rhage were reported in

fthe studies.
The third study there were 3/35 (8.6%) retinal detachments in the anyotthe studies

control eyes compared to none in the treated eyes.

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% Cl) is based on the as-
sumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).
Cl: confidence interval; NA: not applicable; PSR: proliferative sickle retinopathy; SCD: sickle cell disease.

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.

Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.

a The unit of allocation and analysis in all 3 studies was the eye (rather than the individual), therefore the treatment groups are not independent. For this reason, narrative results
within the treatment groups are presented, but comparative statistics (e.g. P values) which are not adjusted for non-independence are not presented.

b Downgraded twice due to risk of bias particularly across the domains of randomisation and allocation concealment. 2 studies were at high risk of selection bias as participants
with bilateral disease had their right eye randomised and the left eye received the otherintervention. In the 3rd study the risk of selection bias was unclear. Also, none of the studies
described the method of allocation concealment and are likely to have been underpowered to determine non-inferiority of laser photocoagulation for the primary outcomes.

c Downgraded once due to applicability: the included studies recruited adults aged 16 - 63 years. The Sayag study includes 59.4% HbSS therefore the results of the study may
not be generalisable to all individuals with SCD.

d Downgraded once due to imprecision: there were very low event rates for this outcome.
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BACKGROUND
See: appendices for glossary (Appendix 1).

Description of the condition

Sickle cell disease (SCD) is common genetic disorder affecting
millions of people worldwide. It is characterised by the presence
of haemoglobin S in which the glutamic acid in position 6 of the
beta (B) chain of adult haemoglobin is replaced by valine. It is most
endemic in tropical regions, mainly sub-Saharan Africa, India and
the Middle East (Weatherall 2001). It has become a global issue due
to the migration of population from these areas to Europe and other
parts of the world, particularly over the last few decades (Roberts
2007). Sickle cell disease includes homozygous SCDs, also known as
sickle cell anaemia (Hb SS), sickle cell-haemoglobin C disease (Hb
SC), sickle cell-B thalassaemia (SB° Thal and sp* Thal) and other
less prevalent double heterozygous conditions (Serjeant 2001). It
is a systemic disease that affects almost all the organs and leads
to neurological, cardiac, pulmonary, hepatic, renal, ophthalmic,
musculoskeletal and dermatological manifestations (Ballas 2010).

The main pathophysiology associated with ophthalmic
manifestations in SCD is vaso-occlusion that occurs in any vascular
bed of ocular structures including conjunctiva, anterior segment,
choroid, retina and optic nerve with potential visual impairment
(Emerson 2005). Sight-threatening problems in SCD are mainly
due to proliferative sickle retinopathy (PSR), which is secondary
to occlusion of the peripheral retinal vasculature, which in turn
leads to retinal ischaemia and proliferation of new blood vessels
with characteristic sea fans appearance. The incidence of PSR is
more common in Hb SC disease and sB * Thal, being approximately
33% and 14%, respectively, compared to 3% in Hb SS (Lutty 1994).
The incidence of PSR increases with age, it is relatively common
between 15 and 29 years of age (Condon 1972), but there have been
reported studies in which PSR was detected in children as young as
seven to 13 years (Abiose 1978; Condon 1974a; Erachulu 2006). The
peak prevalence of PSR in people with Hb SS occurs between 25 and
39 years in both men and women, whereas in the Hb SC genotype
it occurs earlier, from 15 to 24 years in men and 20 to 39 years in
women (Elagouz 2010).

Goldberg developed a classification of PSR according to
the severity of fundus changes (Table 1) (Goldberg 1971).
Subsequently, researchers from a Jamaican sickle cohort study
proposed a new classification for early peripheral retinal vascular
changesin SCD, based on fundus fluorescein angiographic changes
(Table 2) (Penman 1994).

Early stages of PSR (stage | and Il) may not need any intervention,
as these early changes are asymptomatic or may even resolve
due to auto-infarction. Spontaneous regression is seen in 32% of
eyes with PSR without any blinding complications (Downes 2005).
Regression of PSR is more common in the eyes of people with Hb
SS disease, seen in 40% compared to 20% of Hb SC; and complete
non-perfusion of PSR lesion is observed in 20% of SS and 7% of
Hb SC (Fox 1991). Although permanent visual loss is rare, incidence
of visual loss among people with Hb SS and Hb SC has been
reported as 31 per 1000 eyes affected by PSR compared to 1.4
per 1000 eyes without PSR over a mean follow-up period of 6.9
years (Moriaty 1988). Visual loss in PSR is commonly due to vitreous
haemorrhage (stage 1V) and tractional retinal detachment (stage
V) (Moriaty 1988), and affects relatively younger people, indicating

that early detection with timely effective treatment of stage IIl PSR
is necessary to prevent such visual loss.

Description of the intervention

Various treatment options, such as diathermy, cryotherapy
and transpupillary or transscleral diode laser photocoagulation,
have been proven to be effective treatments of PSR (Condon
1974b; Goldbaum 1979; Seiberth 2001). Transpupillary laser
photocoagulation is the safest and the preferred method among
the available techniques, as cryotherapy is associated with adverse
effects like retinal detachment (Goldbaum 1979). Transscleral diode
laser photocoagulation is considered as an alternative in cases
only when transpupillary laser coagulation is not applicable due to
media opacities (Seiberth 2001).

Given the favourable chances of spontaneous regression,
indication for the treatment of PSR varies among clinicians.
Treatment is usually indicated in cases with peripheral
neovascularization of more than 60° of circumference. This
is particularly the case in eyes with bilateral involvement,
spontaneous vitreous haemorrhage, large and elevated sea fans,
rapid progression of new blood vessels, or precious eye in which
the fellow eye has been lost due to PSR (Emerson 2006). The
aim of treatment is to induce regression in stage Il PSR prior to
complications to prevent visual loss (Goldberg 1983). The different
types of laser mainly used to achieve these goals are white xenon
arc or blue/green argon.

The specific methods of laser in PSR include feeder vessel
coagulation and scatter laser coagulation, either localised or
360° peripheral scatter coagulation (Ballas 2012). Scatter laser
photocoagulation is considered to be the preferred method for
PSR due to low rate of complications (Castro 1999). There are two
types of scatter laser photocoagulation, the first being sectoral
or localised and the second being 360° or circumferential laser
treatment. In sectoral ablation, laser burns are applied only to the
localised area around new blood vessels whereas in circumferential
or 360° scatter laser, burns are applied circumferentially to entire
peripheral retina (Cruess 1983; Kimmel 1986). The latter is usually
indicated in those who are non-compliant (Ballas 2012). Laser
therapy is most effective when peripheral lesions are diagnosed
early before involving the central retina (Castro 1999).

How the intervention might work

Laser photocoagulation has been considered safe as well as
effective in the treatment of PSR, as it maintains quality of
life and preserves the vision by preventing vision-threatening
complications in affected population (Goldbaum 1979; Goldberg
1983).

The mechanism of laser treatment in feeder vessel coagulation is to
occlude the feeding vessels by applying direct, heavy laser burns to
feeding arterioles leading to closure of neovascular fronds. Ocular
media should be clear enough over the feeder vessels for successful
photocoagulation (Goldbaum 1979). Both xenon arc and argon
laser photocoagulation are used for feeder vessel coagulation;
however, currently argon is more commonly used by clinicians
as xenon has a higher complication rate compared to argon
(Emerson 2005). Scatter laser coagulation has an indirect effect,
as it destroys the ischaemic retina responsible for production
of vascular endothelial growth factor (VEGF) that triggers the
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proliferation of new blood vessels (Ballas 2012). This technique
is primarily used to treat proliferative diabetic retinopathy. The
fact that laser photocoagulation to ischaemic retina results in
regression of new blood vessels in eyes with proliferative diabetic
retinopathy has led to this technique being adapted for treatment
of PSR. To achieve this goal, blue/green argon laser burns are
applied to the retina with laser setting of 500 micrometre (um) spot
size and 0.1 second duration.

Studies have demonstrated that laser treatment for PSR has been
accepted for several decades (Cruess 1983; Kimmel 1986; Rednam
1982). Timely, successful treatment avoids the need for surgical
interventions with their potential complications and morbidities
(Cohen 1986; Goldberg 1983).

Why it is important to do this review

Proliferative sickle retinopathy is a leading cause of visual
impairment in people with SCD. Cochrane Reviews of randomised
controlled trials (RCTs) have been published for prophylaxis
and treatment in other organs affected by SCD (Hirst 2012;
Marti-Carvajal 2012), but none to date for ocular involvement.
Cochrane Reviews evaluating the effects of laser photocoagulation
in other proliferative retinopathies, such as proliferative diabetic
retinopathy and neovascular age-related macular degeneration,
have found that laser treatment has beneficial effects in preventing
visual loss (Evans 2014; Virgili 2009). Despite the well-known clinical
applications of laser photocoagulation in PSR, it is imperative
to identify the treatment effect in people with SCD, given the
potentially complication of blinding due to PSR if treatment is
delayed.

Even though laser photocoagulation in PSR is a relatively simple
and safe treatment, there is a lack of summarised safety and
efficacy data comparing this treatment to no treatment or to
other treatment options in people with PSR. Furthermore, various
techniques of laser photocoagulation have been practised among
clinicians based on preference and facilities. It is therefore essential
to perform a systematic review to evaluate the evidence for
the effectiveness and potential adverse effects of different laser
photocoagulation therapies in people with PSR for preventing
visual loss and ocular morbidity.

OBJECTIVES

To evaluate the effectiveness of various techniques of laser
photocoagulation therapy in sickle cell disease (SCD)-related
proliferative retinopathy.

METHODS

Criteria for considering studies for this review
Types of studies

We included randomised controlled trials (RCTs). We also planned
to include quasi-RCTs if there had been sufficient evidence that the
intervention and control groups were similar at baseline.

Types of participants

Children and adults diagnosed with SCD and proliferative sickle
retinopathy (PSR), irrespective of phenotype, age, gender, race,
ethnic origin and setting.

Types of interventions

All types of laser photocoagulation therapy to the retina compared
to no intervention or to other forms of treatment such as
cryotherapy or intravitreal anti-vascular endothelial growth factor
(VEGF) injection.

Types of outcome measures

We planned to assess the following outcomes at up to one month,
over one month to six months, over six months to one year and over
one year.

Primary outcomes

1. Regression of PSR (change in number and size (in clock hours or
in degrees of retinal circumference) of new blood vessels)

2. Developmentof new PSR (proliferation of blood vessels at a new
area after treatment) or progression of existing PSR (defined by
increased size of existing lesions associated to leakage) (post
hoc)

Secondary outcomes

1. Quality of life (using any validated measures)

2. Change in visual loss associated with PSR (visual loss is defined
by the deterioration of visual acuity of three lines (post hoc) or
more with the Snellen chart)

3. Occurence of vitreous haemorrhage (post hoc)

4. Adverse effects, such as:
a. retinal breaks or tears;

b. retinal detachment;

c. retinal haemorrhage;

d. choroidal haemorrhage;

e. choroidal neovascularization.

We planned to tabulate all adverse effects related to laser
photocoagulation for the treatment of PSR that are reported in the
included studies.

Search methods for identification of studies

There were no restrictions regarding language or publication
status.

Electronic searches

We identified relevant studies from the Cystic Fibrosis and Genetic
Disorders Group's Haemoglobinopathies Trials Register using the
terms: (sickle cell OR (haemoglobinopathies AND general)) AND
retinopathy.

The Haemoglobinopathies Trials Register is compiled from
electronic searches of the Cochrane Central Register of Controlled
Trials (CENTRAL) (updated each new issue of the Cochrane
Library) and weekly searches of MEDLINE. Unpublished work
is identified by searching the abstract books of five major
conferences: the European Haematology Association conference;
the American Society of Hematology conference; the British Society
for Haematology Annual Scientific Meeting; the Caribbean Public
Health Agency Annual Scientific Meeting (formerly the Caribbean
Health Research Council Meeting); and the National Sickle Cell
Disease Program Annual Meeting. For full details of all searching
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activities for the register, please see the relevant section of the
Cochrane Cystic Fibrosis and Genetic Disorders Group's website.

Date of last search of Cochrane Cystic Fibrosis and Genetic
Disorders Group's Haemoglobinopathies Trials Register: 4 July
2022.

We also searched the following resources: Latin American
and Caribbean Health Science Literature Database (LILACS)
(lilacs.bvsalud.org/en/); WHO International Clinical Trials Registry
Platform (ICTRP) (trialsearch.who.int/) and ClinicalTrials.gov
(www.clinicaltrials.gov). We did not restrict the electronic searches
for trials by date or language.

See: appendices for details of search strategy for LILACS, the WHO
ICTRP and ClinicalTrials.gov (Appendix 2).

Date of last search of LILACS, ICTRP, ClinicalTrials.gov: 26 June 2022.

Searching other resources

We also searched the reference lists of review articles for
details regarding the relevant publication. We contacted laser
manufacturers by email for information on ongoing trials.

Data collection and analysis
Selection of studies

Two review authors (KTM, SS) independently assessed trial
eligibility by screening the titles and abstracts of all RCTs identified
during the search process. We contacted the trial authors for
missing information from the trials published as full-text papers
and those published in abstract form only. The same two review
authors independently reviewed full texts of all potentially relevant
trials and assessed the eligibility according to the specific criteria
for the inclusion of trials stated above. We tried to resolve any
disagreements by discussion and we requested opinion of third
review author (HN) if necessary.

We recorded the excluded studies in the 'Characteristics of
excluded studies' table in Review Manager Web with reasons for
exclusion (RevMan Web 2022).

Data extraction and management

Two review authors (KTM, HN) independently extracted data from
eligible trials using standard data collection forms for optimal
reliability. We checked for any errors and inconsistencies. We tried
to resolve any disagreements by discussion and consensus. We
maintained a record regarding any disagreement related with the
extracted data. One review author (KTM) entered data into Review
Manager Web (RevMan Web 2022) and a second review author
(AWT) checked for any errors or discrepancies.

We extracted the following data.

1. Participants' characteristics: demographic data (age, sex, race);
eligibility (inclusion and exclusion criteria); total number in
comparison groups; sickle cell types (SS, SC, SB-thalassemia);
withdrawals or dropouts and losses to follow-up with reasons.

2. Methods: trial design; time and duration of trial; randomisation;
allocation concealment method, blinding of participants.

3. Characteristics of PSR: location in retinal quadrants
(superotemporal, superonasal, inferotemporal, inferonasal);

extent in number of clock hours or degree in circumference of
the retina; surface (raised or flat).

4. Interventions: method of laser (feeder vessel coagulation,
generalised scattered or sectoral scattered coagulation); types
of laser (argon, xenon or other); laser setting (laser power or
intensity, spot size, duration of laser photocoagulation; number
of laser sessions.

5. Outcomes: outcomes mentioned above with time of assessment
and length of follow-up.

Although we planned to report our outcomes at up to one month,
over one month to six month, over six months to one year and over
one year in our protocol (Myint 2013), we were only able to report
over one year, according to the data reported in the included trials.

Assessment of risk of bias in included studies

Two review authors (KT, SM) independently assessed the risk of bias
in the included trials and followed the domain-based evaluation
according to the criteria listed in the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2011).

We evaluated the following six domains as 'low risk'; 'unclear risk';
or 'high risk' of bias.

Random sequence generation

Concealment of allocation

Blinding of participants, personnel and outcome assessors
Incomplete outcome data

Selective outcome reporting

R o

Other sources of bias

We evaluated the assessments and discussed any inconsistencies
between the review authors in the interpretation of risk of bias. We
resolved any disagreement by discussion with a third review author
(HN). We recorded results on the above six domains in the relevant
risk of bias tables in Review Manager Web (RevMan Web 2022).

Measures of treatment effect

In this version of the review, we have been unable to enter data
into the 'Data and analyses' section, given the unit of analysis issue
referred to below. For future updates, when possible, we plan to
analyse extracted data using Review Manager Web (RevMan Web
2022). Specifically, for future updates, if we identify new eligible
trials, we will assess the treatment effect as detailed below.

Fordichotomous data (regression of PSR, development of new PSR,
changes in visual loss associated with PSR, occurrence of vitreous
haemorrhage and adverse reactions) we will calculate the risk ratio
(RR) with 95% confidence intervals (Cls) for each outcome.

For continuous outcome data (quality of life), if the outcomes are
measured by the same scale within the trials, we will use the mean
difference (MD) and corresponding Cls. If different scales are used
to measure the same outcome we will use the standardised mean
difference (SMD) and corresponding 95% Cls.

Unit of analysis issues

We assessed the included trials to determine the unit of analysis
reported, which may be the eye or the participant. The unit
of analysis reported in all of the included trials was the eye
(rather than the individual), making standard data analysis not
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possible given that these data were not independent; therefore we
presented these results narratively.

Dealing with missing data

We requested any missing data from the original investigators of
theincluded trials. For each selected trial, we assessed the number
of dropouts, withdrawals or losses to follow-up. The included trials
documented the reasons for missing data and we conducted the
analysis based on participants with complete data. We contacted
authors for any missing information.

Assessment of heterogeneity

We intended to use Chi® test and 12 statistic to evaluate statistical
heterogeneity between the trials. For future updates, when more
trials are included, we will assess statistical heterogeneity between
trials using the Chi? test. We will consider results to be statistically
significant if the P value is less than 0.1. We will use the I? statistic
to quantify heterogeneity and interpret the values of this as follows
(Deeks 2021):

0% to 40% as not significant heterogeneity;
30% to 60% as moderate heterogeneity;

50% to 90% as substantial heterogeneity; and
75% to 100% as considerable heterogeneity.

W

Assessment of reporting biases

We performed comprehensive searches including search of
abstracts and contacting manufacturer of laser machines to
minimise publication and reporting bias. Within the trials, we
considered selective outcome reporting as part of the risk of
bias assessment. For those trials with a full published paper, we
compared the 'Methods' section to the 'Results' section to ensure
that all the outcomes which were measured, were reported. We
did not use funnel plots to assess publication bias as there were
insufficient number of trials (i.e. less than 10) and we only included
three trials in this review.

Data synthesis

In all of the included trials, the main comparison was between laser
photocoagulation and no intervention. We did not perform meta-
analysis for this review given the unit of analysis issue referred to
above.

For future updates, if there are eligible trials we will perform meta-
analysis using fixed-effect model for combining data if there is an
absence of significant heterogeneity, both statistical and clinical,
amongstincluded studies. We will use a random-effects model if we
identify substantial or considerable heterogeneity (I value of 50%
or more).

Subgroup analysis and investigation of heterogeneity

For future updates of the review, if we identify statistically
significant heterogeneity for the primary outcomes, we plan to
conduct subgroup analyses as follows:

1. different types of laser photocoagulation (argon, xenon);

2. different methods of laser photocoagulation (feeder vessel
coagulation, sectoral scattered coagulation, circumferential
scattered coagulation);

3. types of sickle cell disease (Hb SS, Hb SC disease, SBThal).
Sensitivity analysis

We planned to perform a sensitivity analysis to determine the
robustness of results regarding the risk of bias. However, we were
not able to do so since there were only three trials included in this
version of the review.

Summary of findings and assessment of the certainty of the
evidence

In a post hoc change in line with current Cochrane guidance, at the
2022 update we added a summary of findings table, presenting all
outcomes of the review (Summary of findings 1).

Regression of PSR

Development of new PSR

Quality of life

Change in visual loss associated with PSR
Occurence of vitreous haemorrhage
Adverse effects

S o

We determined the certainty of the evidence using the GRADE
approach; and downgraded evidence in the presence of a high
risk of bias in at least one study, indirectness of the evidence,
unexplained heterogeneity or inconsistency, imprecision of results,
high probability of publication bias. We downgraded evidence by
one level if they considered the limitation to be serious and by two
levels if very serious.

RESULTS

Description of studies

See: Characteristics of included studies.

Results of the search

The searches of registers and databases identified 16 references.
We discarded one reference and retrieved the full text of 15
references. We included three trials (10 references) assessing
the effects of laser treatment versus no intervention (Farber
1991; Jampol 1983; Sayag 2008). We did not identify any RCTs
reporting other interventions, such as cryotherapy and anti-VEGF.
We excluded five trials (one reference each) (Acheson 1991; Berman
1989; Condon 1974; Lemaire 2013; Osuji 2003). See the PRISMA
diagram for details of the screening and selection process (Figure
1).
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Included studies
Methods and participants

Allthree trials used a parallel group design. One trial was conducted
atsingle centre in Jamaica (Farber 1991), while the second trial was
conducted at two centres, one in the USA (Chicago) and the other
in Jamaica (Kingston) (Jampol 1983). The third trial was conducted
in single centre in Sickle Cell Disease Centre and University Eye
Clinic of Créteil, France (Sayag 2008). The Farber and Jampol trials
were conducted by the same researcher group. The Farber trial
was funded by a Comprehensive Sickle Cell Centre Grant from the
National Heart, Lung, Blood Institute and National Eye Institute,
National Institutes of Health, Bethesda, Maryland and by Research
to Prevent Blindness Inc, New York, NY (Farber 1991). The Jampol
trial was funded by a Comprehensive Sickle Cell Center grant from
the National Heart, Lung, and Blood Institute, National Institute of
Health, Bethesda, Maryland (Jampol 1983). The Sayag trial did not
state the funding sources (Sayag 2008).

The trials included 339 participants with PSR (aged 13 years to 67
years, 160 males and 179 females). The unit of randomisation in all
trials were the eyes. Farber randomised 174 eyes of 116 participants
in Jamaica (Farber 1991); Jampol randomised a total of 167 eyes
of 122 participants in Chicago and Kingston (Jampol 1983). Sayag
recruited 202 eyes of 101 participants in Créteil, but randomised a
total of 73 eyes of 67 participants with stage Il PSR (Sayag 2008).

In two trials, participants with bilateral disease had their right eye
randomised to either treatment or no treatment, with the other
eye receiving the opposite modality (Farber 1991; Jampol 1983).
Participants with only one eye eligible for the trial were randomised
to treatment or control for that eye. If the second eye became
eligible later that eye received the opposite modality of treatment
from the first eye. In the Sayag trial, three participants had bilateral
disease and 67 had unilateral disease, but the randomisation
method was not stated (Sayag 2008).

In the Farber trial, there were 93 participants with Hb SC, 21 with
Hb SS and two with SB Thal (Farber 1991); Jampol recruited people
with Hb SS, Hb SC and SP Thal, but did not provide details on the
proportions with each type (Jampol 1983). Both trials reported the
extent of PSR in four groups according to circumferential extent of
neovascularization; 1° to 30°, 31° to 60°, 61° to 90° and more than
91° (Farber 1991; Jampol 1983). In the Sayag trial, there were 33
participants with HbSC, 63 with Hb SS and five with SB Thal but
stage Ill PSR was seen in 35 eyes of Hb SC and 38 eyes of Hb SS
(Sayag 2008). Sayag reported the new classification for stage Il PSR
depend on the size, haemorrhage, fibrosis and visible vessels (Table
3).

Interventions

All trials compared the effects of laser with no intervention. An
additional table gives details of the laser treatment employed
in the trials (Table 4). Farber employed sectoral scatter laser
photocoagulation using argon laser in 99 eyes, with 75 eyes
assigned into the control group (Farber 1991). Jampol employed
feeder vessel coagulation using argon in Chicago, USA and
xenon arc in Kingston, Jamaica (Jampol 1983). Among the 87
eyes assigned to the feeder vessel coagulation group, 34 eyes
from the Chicago centre received argon laser photocoagulation,
whereas the 53 eyes from the Kingston centre received xenon arc
coagulation (Jampol 1983). Sayag employed focal scatter laser

photocoagulation using argon green laser in 38 eyes in Créteil,
France with 35 eyes assigned to the control group (Sayag 2008).

Outcomes

Farber reported data for this review's primary outcomes (regression
of PSR and development of new PSR) (Farber 1991). The time point
reported in the trial was a mean follow-up of 47 months for treated
eyes and 42 months for the control eyes.

Jampol only reported data for the regression of PSR in the laser
group (mean follow-up of 21 months for Chicago and 32 months
for Jamaica); investigators did not report data for the control group
(Jampol 1983). We contacted the original investigators, but data
were not available. Over the long-term follow-up period of nine
years, 29 participants from the Chicago centre in Jampol trial
reported the development of new PSR.

Sayag reported data for the regression of PSR for both the laser and
control groups (Sayag 2008). Athough the trial did not report this
review's original second primary outcome (development of new
PSR), it did report the progression of existing PSR associated with
leakage which has been added as a primary outcome in a post
hoc change. The time point reported was a mean follow-up of four
years.

Regarding the secondary outcomes for this review, all three
trials reported changes in visual loss associated with PSR, the
incidence of vitreous haemorrhage, and the adverse event of retinal
detachment (Farber 1991; Jampol 1983; Sayag 2008). Jampol also
reported the incidence of choroidal neovascularization (Jampol
1983).

The trials did not assess quality of life or some adverse effects such
as retinal haemorrhage or choroidal haemorrhage (Farber 1991,
Jampol 1983; Sayag 2008).

We planned to report results at one month, over one month to six
months, over six months to one year and over one year, but in this
review we reported outcomes according to the mean and median
duration as reported by original investigators.

Excluded studies

See: Characteristics of excluded studies.

We excluded a total of five trials which did not meet our inclusion
criteria; none of these were RCTs of a relevant intervention
(Acheson 1991; Berman 1989; Condon 1974; Lemaire 2013;
Osuji 2003). One trial assessed the effect of scatter laser in
iatrogenic choriovitreal neovascularization (Acheson 1991), the
second assessed the treatment of proliferative vitreoretinopathy
(Berman 1989), the third assessed the effect of photocoagulation
and diathermy in eyes with PSR (Condon 1974), the fourth assessed
the blood hyperviscosity in people with severe PSR (Lemaire 2013),
and the last assessed the screening methods using panoramic
fundus camera (Osuji 2003).

Risk of bias in included studies

We assessed the risk of bias of the included trials according to the
six domains outlined in the Assessment of risk of bias in included
studies section of the review. Two figures demonstrate the overall
assessment of risk of bias in the included trials (Figure 2; Figure 3).
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Figure 2. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 3. Risk of bias summary: review authors' judgements about each risk of bias item for each included trial.
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Sequence generation

Two trials reported the use of computer-generated randomisation;
however, due to the randomisation method in participants

alternative group, we have assessed both of these trials as having
a high risk of bias for this domain (Farber 1991; Jampol 1983). The
third trial reported that "patients were randomised to treatment
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or no treatment group", but the paper did not provide further
information (Sayag 2008). We contacted the trial authors for
additional information, but did not receive any response. We
assessed this trial as having unclear risk of bias.

Allocation concealment

None of the three trials described the method of allocation
concealment and we have therefore assessed these as having an
unclear risk of bias (Farber 1991; Jampol 1983; Sayag 2008).

Blinding

None of the included trials mentioned blinding, but performance
bias is unlikely with this type of intervention and the reported
outcomes were objective outcomes which were not likely to be
influenced by assessor bias. Therefore, we rated all trials as having
a low risk of bias (Farber 1991; Jampol 1983; Sayag 2008).

Incomplete outcome data

Two trials had incomplete outcome data, but adequately described
the number of withdrawals or dropouts and gave the reasons for
these (Farber 1991; Jampol 1983). Farber reported "11 patients
moved after average of 24 months (range 11 to 60 months) and
one patient died after 15 months" (Farber 1991). Jampol reported
"Chicago: Two patients lost to follow-up after 8 and 44 months and
one refuse to cooperate. Kingston: eight patients lost to follow-up
due to emigration after average 12 months of follow-up and two
refuse to cooperate" (Jampol 1983). Investigators analysed all eyes
as randomised (Farber 1991; Jampol 1983). We judged the risk of
bias as low for both trials.

The third trial reported "patients missing one visit were excluded
from the study", but did not provide the numbers of participants or
the reasons for missing visits so we assessed this trial as having an
unclear risk of bias (Sayag 2008).

Selective reporting

The trial protocols were not available (although we did not expect
this given the age of the trials) and we were not able to establish
whether they had been prospectively registered in a publicly
accessible database. The methods section of the three included
trials did not mention pre-stated outcomes but the expected
outcomes were reported in the results section of the Farber trial
and the Sayag trial, therefore we considered these as having a
low risk of bias (Farber 1991; Sayag 2008). In the Jampol trial, the
outcome 'regression of new blood vessel' was reported only for the
treatment group, not for the control group, we therefore assessed
this trial as having a high risk of bias for this domain (Jampol 1983).

Other potential sources of bias

The trials were possibly underpowered to be able to demonstrate
non-inferiority of laser photocoagulation for primary outcomes
such as complete regression of PSR and development of new PSR
or progression of existing PSR with reasonable follow-up duration
of 32 to 48 months. All three trials were assessed as unclear risk of
bias for this domain.

Effects of interventions

See: Summary of findings 1 Summary of findings - laser therapy
compared with no laser therapy for retinopathy in sickle cell disease
(SCD)

Given the unit of analysis issue referred to above, we were not
able to perform meta-analysis for this version of review. We have
therefore presented the data in the additional tables (Table 5) and
provided a summary of the main findings of the review in Summary
of findings 1.

Threetrials (414 eyes of 339 participants (children and adults)) were
included comparing efficacy and safety of laser photocoagulation
to no therapy in participants with proliferative sickle retinopathy
(Farber 1991; Jampol 1983; Sayag 2008).

Primary outcomes
1. Regression of PSR

Alltrials reported on this outcome. Faber reported that with a mean
follow-up of 47 months for the treatment group and 42 months
for the control group, the complete regression of PSR was seen in
30 our of 99 eyes (30.2%) in laser group and in 17 out of 75 eyes
(22.4%) in the control group (Farber 1991). Partial regression was
seen in 51 out of 99 eyes (51%) in the laser group and 18 out of
75 eyes (23.7%) in the control group. Data for long-term follow-
up of participants with Hb SC disease from the Farber trial were
presented in a separate paper to avoid the differences in behaviour
between genotypes; in these participants seven out of 74 (9.45%)
treated eyes and two out of 60 (3.33%) control eyes had complete
infarction of PSR over the median follow-up of 2.9 years (P = 0.3)
(Fox 1993).

Farber also reported that treated eyes had more regression than
control eyes, butit was only significant in participants younger than
25 years at enrolment (P <0.001), not in older participants (P = 0.6)
and in small (less than 15°) PSR lesions, as well as flat rather than
elevated PSR (Fox 1993).

Jampolonly reported the regression of PSR for the treatment group
(Jampol 1983). At mean follow-up of 26 (Chicago group) to 32
(Kingston group) months, using feeder vessel coagulation, 78 out
of 87 eyes (89.6%) showed complete closure of neovascularization.
The data for the control group were not provided; we contacted the
trial author who was not able to provide relevant data due to the
time elapsed since the trial was conducted.

Sayag reported that regression of PSR was seen in 21 out of 38 eyes
(55%) in laser group and in 10 out of 35 eyes (28.6%) in control group
at mean follow-up of four years (Sayag 2008). Sayag also reported
the regression was seen in treated more than the control eyes, but it
was only significant in eyes with grade B (P =0.02), not in the grade
A and C of new classification of stage Il PSR (Table 3). Grade D and
E showed no changes (Sayag 2008).

We judged the certainty of the evidence for this outcome as very
low.

2. Development of new PSR or progression of PSR

All trials reported on this outcome. Farber reported that new PSR
developed in 34 out of 99 laser-treated eyes (34.3%) and in 31 out
of 75 eyes (41.3%) in the control group at mean follow-up of 42 to
47 months (P =0.3) (Farber 1991).

Jampol did not report this outcome in the initial publication, but
did follow up the participants for a mean period of nine years (range
5.75to 12 years) in the Chicago centre; 29 participants (45 eyes, with
25 eyes in laser group and 20 eyes in the control group) completed
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this follow-up (Jampol 1983). The development of new sea fan was
reported in 12 out of 25 eyes (48.0%) in the treated group and nine
out of 20 eyes (45.0%) in the control group. There was no statistical
significance (P =0.64).

Sayag reported the progression of PSR, defined as increased size
of existing lesion associated to leakage, was seen in four out of 38
treated eyes (10.5%) and nine out of 35 controlled eyes (25.7%)
at mean follow-up of four years (Sayag 2008). It was also reported
that progression was seen in grade A, B and C of stage Il PSR. This
was only statistically significant for grade B (P <0.05), whereas no
significance in grade Aand C (P > 0.05). No case of progression was
reported in grade D and E (Sayag 2008).

We judged the certainty of the evidence for this outcome as very
low.

Secondary outcomes
1. Quality of life

This outcome was not assessed in the included trials (Farber 1991;
Jampol 1983; Sayag 2008).

2. Change in visual loss associated with PSR

Visual loss, defined as deterioration of visual acuity three lines or
more from the Snellen chart, was reported in all three trials.

Farber reported that, at a mean follow-up of 42 and 47 months
for the control and treatment group, respectively, visual loss
is seen in three out of 99 eyes (3.0%) treated by scatter laser
photocoagulation compared to nine out of 75 eyes (12.0%) from
control group (Farber 1991). Kaplan-Meier survival analysis (two-
year survival curves for visual loss) showed a significant difference
between the treated and control groups (P =0.019).

Jampol reported that visual loss was seen in one out of 87 eyes
(1.14%) treated by feeder vessel coagulation group and six out of
80 eyes (7.5%) in the control group at a mean follow-up of 26 (in
Chicago) to 32 months (in Kingston) (P = 0.07) (Jampol 1983).

Sayag reported that at mean follow-up of four years, 72 out of 73
eyesincluded in the trial had the same visual acuity and visual loss
is seen in only one eye from the control group (Sayag 2008).

We judged the certainty of the evidence for this outcome as very
low.

3. Occurence of vitreous haemorrhage

All three trials reported this outcome. In the Farber trial
(sectoral scatter laser photocoagulation), vitreous haemorrhage
was detected in 12 out of 99 (12.0%) laser-treated eyes and
in 19 out of 75 (25.3%) control eyes in mean follow-up of 42
months (treatment group) to 47 months (control group) (Farber
1991). Investigators performed an analysis controlling vitreous
haemorrhage and the amount of neovascularization at entry which
showed a significant difference between the treated and control
eyes (P<0.5).

Jampol reported that three out of 87 (3.4%) eyes treated with
feeder vessel coagulation, compared to 22 out of 80 (27.5%)
controlled eyes, were complicated by vitreous haemorrhage at
mean follow-up of 26 (treatment group) to 32 months (control
group). With long-term mean follow-up of nine years in the Chicago

centre, vitreous haemorrhage occurred in one out of 25 eyes (4.0%)
inthe treatment group and nine out of 20 eyes (45.0%) in the control
group (P =0.002) (Jampol 1983).

Sayag (scatter laser photocoagulation) reported that vitreous
haemorrhage was not seen in the treated group compared to six out
of 35 (17.1%) eyes in the control group and appeared only in the
grade B and E PSR stage IlI (P <0.05) (Sayag 2008).

We judged the certainty of the evidence for this outcome as low.

4. Adverse effects
a. Retinal tear

Two trials did not report this adverse effect (Farber 1991; Sayag
2008). There was no report of retinal tear at initial follow-up of
the Jampol trial. However, with long-term follow-up of 5.75 to 12
years, it was reported that in one of the 25 eyes that completed
the follow-up (Chicago centre), retinal tear developed at the base of
the treated sea fan in the feeder vessel coagulation group (Jampol
1983).

b. Retinal detachment

All three trials reported retinal detachment (Farber 1991; Jampol
1983; Sayag 2008).

At mean follow-up of 42 (treatment group) to 47 months (control
group), retinal detachment was reported in three out of 99 (3.0%)
eyes in the scatter laser group and eight out of 75 (10.6%) in the
control group (Farber 1991).

At mean follow-up of 26 (in Chicago) to 32 months (in Kingston),
retinal detachment was seen in five out of 87 (5.74%) eyes treated
by feeder vessel coagulation (confined to argon laser group) and
not atallin the control group (Fisher's exact test, P=0.07; Pearson's
Chi2, P =0.03) (Jampol 1983).

In Sayag trial, there was no event of retinal detachment in the
treated eyes, whereas there were three out of 35 (8.6%) controlled
eyes at mean follow-up of four years (P = 0.0526) (Sayag 2008).

We judged the certainty of the evidence for this outcome as low.

c. Choroidal neovascularization

Choroidal neovascularization, which is solely an adverse effect of
laser therapy, particularly with xenon arc, was reported in the
Jampol trial (Jampol 1983).

At follow-up of 21 to 32 months, 41 out of 87 (47.12%) treated
eyes were reported to have developed this adverse effect, which
was seen in 38 out of 53 xenon-treated eyes and three out of 34
argon lasered-eyes. There was no such event in the control group
(Jampol 1983). The incidence of choroidal neovascularization was
significantly higher in the xenon group (P <0.0001).

We judged the certainty of the evidence for this outcome as low.

Other complications, such as retinal haemorrhage and choroidal
haemorrhage, were not reported in any of the three trials (Farber
1991; Jampol 1983; Sayag 2008).
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DISCUSSION

Summary of main results

Only three trials contributed data to this systematic review (Farber
1991; Jampol 1983; Sayag 2008).

All three trials reported on our primary outcome of regression, but
one trial only reported data for the intervention group precluding
any comparison (Jampol 1983). One trial, involving 174 eyes
with proliferative sickle retinopathy (PSR), compared the effect
of scatter argon laser photocoagulation and no treatment over a
follow-up of 42 to 47 months; it revealed that there was a higherrate
of regression of PSR in the laser group but no significant difference
in complete regression (Farber 1991). Spontaneous regression was
also noted without treatment. Treated eyes had more regression
than control eyes, but it was only significant in people younger than
25 years at enrolment, in small (less than 15°) PSR lesions as well as
flat rather than elevated PSR (Fox 1993). The third trial, involving 73
eyes with PSR stage Ill, compared the effect of focal scatter argon
laser photocoagulation and no treatment over the follow-up of four
years; also revealed that there were higher rate of regression in
laser group, but it was significant only in the PSR grade B (elevated
sea fan with haemorrhage) and no significant differences in other
grades of sea fans (Sayag 2008).

Neither sectoral scatter argon laser photocoagulation nor feeder
vessel coagulation exhibited a significant protective effect against
the development of new vessels or the progression of existing sea
fans (Farber 1991; Jampol 1983; Sayag 2008).

None of the trials reported on the outcome of quality of life.

All three trials (414 eyes) reported changes in visual loss measured
by the deterioration of three lines or more from the Snellen chart
(Farber 1991; Jampol 1983; Sayag 2008). Data from these trials
suggested that laser photocoagulation probably prevented visual
loss at mean follow-up of over one year. It also reported that
laser therapy had a protective effect for the occurrence of vitreous
haemorrhage. Data from all trials indicated that laser treatment
prevented the occurrence of vitreous haemorrhage with both argon
and xenon laser; with the protective effect not significantly different
between feeder vessel and scatter laser photocoagulation (Farber
1991; Jampol 1983; Sayag 2008).

As for adverse effects, the incidence of retinal tear was very minimal
with only one event reported from the long-term follow-up of
the Jampol trial (Jampol 1983); the remaining two trials did not
report this adverse effect (Farber 1991; Sayag 2008). There was no
statistical difference in retinal detachment between the laser and
the control arms in two trials (Farber 1991; Sayag 2008), and only
borderline statistical significance in the Jampol trial (Jampol 1983);
however, overall the result was not statistically significant. As for
choroidal neovascularization, xenon arc treatment was found to be
associated with a significantly higher risk, but visual loss related to
this complication is uncommon with long term-follow-up of three
years or more (Jampol 1983).

The results of this review suggest that laser photocoagulation
therapy for eyes with PSR may prevent visual loss and occurrence
of vitreous haemorrhage. It also shows a positive effect in relation
to the regression of PSR, but it may not be sufficient to prevent
progression or development of new lesions.

Overall completeness and applicability of evidence

We did not perform meta-analyses because the units of analysis
in the included trials were not independent (i.e. eyes, not
participants). Moreover, different time points were used to present
data and different methods of laser therapy were employed in the
trials.

Few data contributed to the primary outcomes of this review, only
two trials (247 eyes of 217 participants with PSR receiving either
laser treatment or no treatment) out of the three included trials
assessed regression of PSR and progression of PSR or development
of new PSR (Farber 1991; Sayag 2008). A clinically meaningful
difference for the complete regression of PSR and the development
of new PSR, has not yet been demonstrated in this population.
As mentioned above, different types and techniques of laser
photocoagulation were used to induce the regression of new blood
vessel in eyes with PSR (Background). The regression is largely
dependent on the size, extent and surface of the PSR lesions,
therefore, drawing any conclusion about this outcome would be
difficult.

Three trials provided evidence on the effect of laser
photocoagulation in preventing visual loss and vitreous
haemorrhage in 414 eyes of 339 participants with PSR (Farber
1991; Jampol 1983; Sayag 2008). Two trials reported no
significant differences between lasered and control eyes for
retinal detachment (Farber 1991; Sayag 2008); whereas the
other trial reported borderline statistical significance for retinal
detachment in the laser group treated by argon feeder vessel
coagulation (Jampol 1983). Choroidal neovascularization is a major
complication of xenon arc and occurred in 80% of participants
treated by xenon over the follow-up of three years or more (Jampol
1983). It is also seen in eyes treated by argon, but the incidence
was significantly higher with xenon-treated eyes. None of the trials
reported quality of life and other adverse effects, such as retinal
haemorrhage or choroidal haemorrhage.

Overall, the evidence is applicable to individuals presenting with
stage Il PSR. However, the evidence is of limited quality, due to the
fact that only three trials were included, and these were conducted
several years ago.

Currently, argon laser scatter photocoagulation is commonly used
in practice in most countries, whereas feeder vessel coagulation
is of limited use due to a higher rate of complications. Feeder
vessels coagulation by argon laser was associated with retinal
detachment while xenon arc is almost obsolete due to the higher
rate of complications, particularly choroidal neovascularization.

Quality of the evidence

We found only thee trials eligible for our review; two were
conducted over 30 years ago (Farber 1991; Jampol 1983) and one
almost 15 years ago (Sayag 2008), when standards of reporting
and trial conduct were not high. The trials were of open-label,
parallel design and aimed to demonstrate the effectiveness of
laser therapy in preventing sight-threatening complications in eyes
with PSR. The overall risk of bias in the included trials was fairly
unclear due to the inadequate reporting of methods and results
of the included trials. Risk of bias related to sequence generation
was high due to the randomisation method of participants with
bilateral disease. The risk of bias related to incomplete outcome
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data was considered low in two trials (Farber 1991; Jampol 1983),
but unclear in one trial (Sayag 2008). There is an unclear risk of
bias in relation to allocation concealment and blinding, as none
of the trials described these adequately. However, we judged both
performance and detection bias to be low, given that the type
of intervention and measurement of objective outcomes were
unlikely to be influenced by blinding. One trial did not report the
event datain the control group for the primary outcome 'regression
of PSR' which we regard as a high risk of bias for selective reporting
(Jampol 1983). We contacted the original investigators of this trial
but were unable to retrieve the appropriate data, which is likely due
to the time length since trial completion. Although thereis evidence
that laser photocoagulation therapy is effective in preventing visual
loss and vitreous haemorrhage, the sample size was small. It also
induced regression of new blood vessels, but it is significant only
in younger participants with small flat lesions. The trials were
possibly under-powered to be able to demonstrate non-inferiority
of laser photocoagulation for primary outcomes, such as complete
regression of PSR and development of new PSR with reasonable
follow-up duration of 32 to 47 months.

The certainty of the evidence for primary outcomes was very low, as
assessed using the GRADE criteria, and for the secondary outcomes
(that were reported on in the three included trials) varied very low
to low, see summary of findings tables (Summary of findings 1).

Potential biases in the review process

Despite retinopathy being a sight-threatening condition in a
substantial population affected by Sickle cell disease (SCD), there
are few randomised controlled trials (RCTs) eligible for inclusion in
our review. This may suggest that we were unable to identify and
retrieve small trials, particularly those with inconclusive results,
indicating the possibility of publication or retrieval bias. However,
we believe this to be unlikely, given we searched multiple sources
with no date or language restrictions. The small numbers of trials
included in this review may introduce publication bias, but we
were unable to perform funnel plot assessment for which more
trials are needed. We were also unable to identify ongoing trials
that met our inclusion criteria for SCD-related retinopathy. A more
credible explanation is that argon laser photocoagulation has
become standard treatment for stage Ill PSR in many countries and
RCTs, especially as a trial with no intervention or a placebo used as
a control, may be unethical.

Agreements and disagreements with other studies or
reviews

We are unaware of any similar reviews on this topic. Available
evidence comes from small prospective non-randomised studies
(Cruess 1983; Kimmel 1986; Rednam 1982). One prospective non-
randomised study presented the effect of scatter circumferential
argon laser photocoagulation in 40 eyes with PSR and showed
that 26% of eyes were associated with complete regression; there
were no complications reported related to treatment (Cruess 1983).
Three years later, Kimmel reported the effect of laser treatment in
70 eyes of 44 participants having a total of 220 sea fans. At average
follow- up of 3.3 years, 33% of pre-existing sea fans were associated
with complete regression, 46% with partial regression, 19% with no
change and 2% with progression. Vitreous haemorrhage developed
in only one participant (2%) over the period of follow-up (Kimmel
1986). In one small prospective study, Rednam and colleagues

investigated the effect of localised scatter photocoagulation in
21 eyes of 19 individuals with PSR lesions (Rednam 1982). They
reported that flat sea fans responded dramatically with complete
regression in 24 of 28 (85.7%) PSR lesions. Elevated sea fans
responded less rapidly with complete regression seen only in four
out of 17 (23.5%) lesions (Rednam 1982).

AUTHORS' CONCLUSIONS

Implications for practice

In the absence of further evidence, laser treatment for sickle
cell disease (SCD)-related retinopathy should be considered as
a current therapeutic option for preventing visual loss and
vitreous haemorrhage. However, it does not appear to have a
significantly different effect on other clinical outcomes, such as the
regression of existing instances of proliferative sickle retinopathy
(PSR) and the development of new ones. Overall, scatter argon
laser photocoagulation therapy is superior in terms of adverse
effects, although feeder vessel coagulation has a better effect
in preventing vitreous haemorrhage. We judged the evidence to
be of low certainty due to the method of sequence generation
and the reporting of trials which were performed over 20 years
ago, after which scatter argon laser photocoagulation has become
the mainstay of treatment for stage Ill PSR to prevent blinding
complications.

Implications for research

Sickle cell disease-related retinopathy has vision threatening
complications in certain populations and scatter argon laser
photocoagulation is standard practice for stage Ill PSR in many
countries, following recommendations by Farber (Farber 1991).
Under these circumstances, it is unethical to conduct randomised,
placebo-controlled trials to answer the efficacy and safety of
laser treatment. Since intravitreal anti-vascular endothelial growth
factor (VEGF) is becoming well known to control the proliferation
of new blood vessels in the treatment of various proliferative
retinopathies, trials involving comparisons between laser and
intravitreal injection of anti-VEGF are needed to inform clinical
decisions. There have been case reports of effectiveness of anti-
VEGF in treatment of PSR in recent decades (Shaikh 2008; Siqueira
2006). However, uncertainties in the progression and variation in
PSR lesions in these individuals and problems with identifying
stage Il PSR may pose logistic problems in the implementation and
interpretation of such trials.
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Study characteristics

Methods

RCT, single-centre, parallel, open-label design.

Participants 174 eyes of 116 participants.

Males: 61 (52.6%); females: 55 (47.4%).

Hb SC =93 (80.2%), Hb SS =21 (18.1%), SB thalassaemia =2 (1.7%).
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Age: 16 to 60 years.

Interventions

Unit of allocation was the eye.

Sectoral scatter laser photocoagulation (n =99) using Argon blue-green laser (Britt model 3250)
through 3 mirror lenses. Spot size 500 um, 0.1 second duration. Burns were placed approximately one
burn diameter apart, placed from 1 disc diameter anterior and posterior to sea fan, 1 clock hour to each
sides without treating sea fans or feeder vessels directly.

Additional laser administered one week later if necessary.

Control group: (n = 75) no laser photocoagulation.

Outcomes 1. Regression of neovascularisation.
2. Development of new sea fan.
3. Visual acuity decreased by 3 lines of the Snellen chart
4. Vitreous haemorrhage
5. Retinal detachment
Trial period: February 1982 to January 1989, follow-up; mean 47.4 months (5 - 99 months), for treat-
ment group, 42.4 months (5 - 75 months) for control group.

Notes This trial was funded by Comprehensive Sickle Cell Center grant and by training grant and core grant
from National Eye Institute, National Institute of Health, Bethesda and by unrestricted grants from Re-
search to Prevent Blindness Inc, New York, NY.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  High risk Quote: " patients with bilateral disease had their right eye randomized to ei-
tion (selection bias) ther scatter photocoagulation or no treatment, with other eye receiving oppo-
site modality".
" ..we randomized three of every four eyes in unilateral cases to treatment
group". "computer- generated randomisation".
Allocation concealment Unclear risk Not mentioned.
(selection bias)
Incomplete outcome data  Low risk Quote: "..174 eyes were included in the study (99 for treatment and 75 for con-
(attrition bias) trol) and 11 patients moved after average of 24 months (range 11-60 months)
All outcomes and one patient died after 15 months".
Trial analysed all eyes as randomised although 11 participants moved out and
1 died.
Selective reporting (re- Low risk Trial did not clearly state the pre-specified outcomes under the methods sec-
porting bias) tion, but all the expected outcomes were reported.
Blinding of participants Low risk Blinding was not mentioned in the methods section, it is an open-label trial
and personnel (perfor- but performance bias is unlikely with this type of intervention.
mance bias)
All outcomes
Blinding of outcome as- Low risk All the outcomes reported were objective.

sessment (detection bias)

Laser therapy for retinopathy in sickle cell disease (Review)
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Farber 1991 (continued)
All outcomes

Other bias Unclear risk The trial was possibly under powered to be able demonstrate non-inferiority
of laser photocoagulation for the primary outcomes.

Jampol 1983

Study characteristics

Methods Randomised, multicentre, parallel, open-labelled design.

Participants 167 eyes of 122 participants with Hb SC, Hb SS and SP thalassaemia.
Chicago: 64 eyes.
Kingston: 103 eyes.
Males =60, females = 62.
Age 13 to 67 years.

Interventions Unit of allocation was the eye.
Chicago
Feeder vessel photocoagulation (n = 34) using Coherent Radiation Model 800 Argon laser through 3 mir-
ror lens. 500 pm spot size, 0.2 second duration and 300-800 mW power.
Control group (n =30): no photocoagulation.
Kingston
Feeder vessel photocoagulation (n =53) using O'Malley Log 2 xenon arc photocoagulator with a direct
ophthalmoscope delivery system without contact lens. intensity 5 - 10, size 3 - 6, duration 0.5 - 2 sec-
onds.
Control group (n =50): no photocoagulation.
Between 1 to 5 laser sessions given in both centres.

Outcomes 1. Complete closure of neovascularisation
2. Visual acuity decreased by 3 lines of the Snellen chart
3. Vitreous haemorrhage
4. Retinal detachment
5. Choroidal neovascularisation
Chicago: trial period - October 1977 to January 1982. Follow up - mean 21.3 months (range 0 - 52
months)
Kingston: trial period - April 1978 to September 1980. Follow up - mean 32.0 months (range 0 - 46
months)

Notes Supported partly by Comprehensive Sickle Cell Center grant from National Heart, Lung and Blood insti-
tute and National Institute of Health, Bethesda, Maryland.

Risk of bias
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Jampol 1983 (Continued)

Bias

Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

High risk Quote: " patient with unilateral neovascularization ... were randomly as-
signed (by computer randomisation) to either photocoagulation or the control
group."

"patient with bilateral neovascularization, right eye was randomized and left
eye was given alternate modality".

Allocation concealment Unclear risk Not mentioned.
(selection bias)
Incomplete outcome data  Low risk Investigators reported "Chicago: Two patients lost to follow-up after 8 and 44

(attrition bias)
All outcomes

months and one refuse to cooperate. Kingston: eight patients lost to follow-up
due to emigration after average 12 months of follow-up and two refuse to co-
operate"

Selective reporting (re-
porting bias)

High risk The trial did not clearly state the pre-specified outcomes in methods section,
and the outcome 'regression of new blood vessel' was reported only for the
treatment group, not for the control group.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Blinding was not mentioned in the methods section, it is an open-labelled trial
but performance bias is unlikely with an intervention of this nature.

Blinding of outcome as- Low risk All the outcomes reported were objective.
sessment (detection bias)
All outcomes
Other bias Unclear risk The trial was possibly under-powered to demonstrate non-inferiority of laser
photocoagulation for primary outcomes.
Sayag 2008
Study characteristics
Methods RCT, single centre, parallel, open-label design.

Participants

202 eyes of 101 participants were analysed and 73 eyes with PSR Stage Ill randomised.
Male: 39 (38.6%); Female: 62 (61.4%).
Hb SC =33 (32.7 %), Hb SS = 60 (59.4%), SP thalassaemia =5 (4.9%).

Age: 18 to 63 years.

Interventions

Unit of allocation was the eye.

Focal scatter photocoagulation (n = 38) using Argon green laser through a 3-mirror lens. Burns were
placed around sea fans without treating the sea fans or feeder vessels directly. Burns were spaced ap-
proximately one burn diameter apart and usually placed from 2 disc diameters anterior to the sea fans
and 2 clock hours to each of its sides.

Spot size 300 to 500 m, 0.1 second duration with a mild whitening of the retina.

Afirst follow-up visit was scheduled 6 weeks later and additional laser was administered if necessary.
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Sayag 2008 (Continued)

An average of 2 photocoagulation procedures (range 1-3) per eye were performed.

Control group: (n = 35) no laser photocoagulation.

Outcomes 1. Disease regression - identified by reduction of sea fan size, no perfusion or no leakage or auto infarc-
tion
2. Disease progression - defined by increased size of existing lesions associated to leakage
3. Visual acuity
4. Vitreous haemorrhage
5. Retinal detachment
Trial period - January 1991 to January 2004. Follow-up - mean 4 years (range 1 -13 years).
Notes Did not mention any support.
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: " Each patient was randomized to treatment or no treatment (treated
or untreated group)"

Allocation concealment Unclear risk Not mentioned.

(selection bias)

Incomplete outcome data  Unclear risk Not mentioned.

(attrition bias)

All outcomes

Selective reporting (re- Low risk Trial did not clearly state the pre-specified outcomes under the methods sec-

porting bias)

tion but all the expected outcomes were reported.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Not mentioned.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk All the outcomes reported were objective.

Other bias

Unclear risk The trial was possibly underpowered to be able demonstrate non-inferiority of
laser photocoagulation for the primary outcomes.

Hb SC: sickle cell haemoglobin C; Hb SS: homozygous sickle cell disease; RCT: randomised controlled trial; SB thalassaemia: sickle cell-
(3 thalassaemia; pm: micrometre.

Characteristics of excluded studies [ordered by study ID]

Study

Reason for exclusion

Acheson 1991

Not an RCT or CCT .

Berman 1989

Assessed the treatment for proliferative vitreoretinopathy.
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Study

Reason for exclusion

Condon 1974

Not an RCT or CCT.

Lemaire 2013

Not an RCT or CCT.

Osuji 2003

Not an RCTor CCT.

CCT: controlled clinical trial;RCT: randomised controlled trial.

ADDITIONAL TABLES

Table 1. Clinical classification of PSR

Stage Staging of proliferative sickle retinopathy (PSR)

Stage | Peripheral arteriolar occlusion

Stage Il Vascular remodelling, formation of arteriovenous anastomoses
Stage Il Peripheral retinal neovascularization

Stage IV Vitreous haemorrhage

Stage V Retinal detachment

PSR: proliferative sickle retinopathy

Table 2. Angiographic classification of PSR

Types Angiographic appearances of peripheral retinal capillary beds

Type 1l Qualitatively similar to normal, may be displace posteriorly with loss of capillary beds.

Type 2 Qualitatively abnormal, with abrupt termination of small- or medium-sized vessels.

- Type 2A - presence of unstable border with capillary buds or stumps extending into non perfused retina.

- Type 2B - absence of capillary buds or stumps.

Type 3 Indeterminate because recent acute arteriolar occlusion involving the vascular border gave rise to

a type Il pattern that reverted to normal following subsequent reperfusion of the vascular bed.

PSR: proliferative sickle retinopathy

Table 3. New Grading of Satge Ill PSR by Sayag 2008

Grade

Description

A

Sea fan flat with leakage < 1 MPS disc area

Laser therapy for retinopathy in sickle cell disease (Review)
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Table 3. New Grading of Satge lll PSR by Sayag 2008 (continued)

B Elevated sea fan with haemorrhage

C Elevated sea fan with partial fibrosis

D Complete sea fan fibrosis without well demarcated vessels
E Complete sea fan fibrosis with well demarcated vessels

MPS: Macular Photocoagulation Study; PSR: proliferative sickle retinopathy

Table 4. Characteristics of intervention and control in each study

Study ID Intervention (Laser type) Parameters Control

Farber 1991 Sectoral scatter laser photocoagulation 500 um spot size, 0.1 second duration Observation

by Argon blue/green (Britt 3250) in Kingston,
Jamaica

Jampol 1983 Feeder vessel photocoagulation 500 pum spot size, 0.2 second duration,  Observation

300 - 600 mW power
Chicago - Argon laser

Intensity 5 - 10, Size3-6and 0.5-2

Kingston, Jamaica - Xenon arc second duration
Sayag 2008 Focal scatter photocoagulation Spot size 300 - 500 m, 0.1 second dura-  Observation
tion

using Argon green laser in Créteil, France
with a mild whitening of the retina

m:metre; um: micrometre
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Table 5. Effects of intervention

Outcome Farber 1991 Jampol 1983 Sayag 2008
(randomised 174 eyes) (randomised 167 eyes) (randomised 73 eyes)
Mean follow-up: 42 - 47 months Mean follow-up: 21 - 32 months Mean follow-up: 4 years
Laser Control Laser Control Laser Control
(Argon Scatter) (Feeder Vessel) (Argon Focal)
1 Complete regression of PSR 30/99 (30.2%) 17/75 (22.4%) 78/87 (89.6%) Not reported 21/38(55.3%)  10/35(28.6%)
Partial regression of PSR 51/99 (51.0%) 18/75 (23.7%)
2 Development of new PSR/ increased 34/99 (34.3%) 31/75 (41.3%) Not reported 4/38 (10.5%) 9/35 (25.7%)
size of
pre-existing lesions
3 Visual loss 3/99 (3.0%) 9/75 (8.3%) 1/87 (1.14%) 4/80 (5.0 %) 0/38 (0%) 1/35 (2.8%)
4 Occurrence of vitreous haemorrhage 12/99 (12.0%) 19/75 (25.3%) 3/87 (3.4%) 22/80(27.5%)  0/38 (0%) 6/35 (17.1%)
5 Adverse effect: retinal tear Not reported Not reported Not reported
6 Adverse effect: retinal detachment 3/99 (3.0%) 8/75 (10.6%) 5/87 (5.74%) No event 0/38 (0%) 3/35(8.5%)
7 Adverse effect: choroidal neovascular-  Not reported 41/87 (47.12%) No event Not reported

isation

Unit of analysis is the eye.
PSR: proliferative sickle retinopathy.

Farber 1991: mean follow-up of 42 months for control group and 47 months for treatment group.
Jampol 1983: mean follow-up of 21 months for Chicago centre and 32 months for Kingston, Jamaica (overall participants).

Sayag 2008: mean follow-up of 4 years.
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APPENDICES

Appendix 1. Glossary

Term

Explanation

Anti- Vascular endothelial
growth factor (Anti-VEGF)

The drug that suppress or inhibit the effect of VEGF.

Cryotherapy Cryotherapy, also called cryoablation is a minimally invasive treatment that uses extreme cold to
freeze and destroy diseased tissue. During cryotherapy, liquid nitrogen or argon gas flows into a
needle-like applicator (a cryoprobe) creating intense cold that is placed in contact to diseased tis-
sue.

Diathermy Using high-frequency electrical current to produce deep heating of tissue.

Intravitreal anti-VEGF

Injection of anti-VEGF into vitreous cavity.

Laser photocoagulation

Using laser light to treat certain disorders at the back of the eye.

New vessels This term is used to signify the abnormal growth of vessels in the eye in response to a need for
more oxygen. On the optic disc - new vessels disc 'NVD', on the retina - new vessels elsewhere 'NVE".
Generally, these new blood vessels do not have the normal integrity of blood vessel and tends to
bleed.

Regression New vessels stop growing or obliterated.

Retinal detachment

The retina has fallen away from its correct position at the back of the eye, which leads to a defect in
the field of vision and ultimately loss of vision.

Retinopathy

Disease of the retina, for example, diabetic retinopathy is disease of the retina secondary to dia-
betes, sickle retinopathy is disease of retina secondary to sickle cell disease.

Vitrectomy

Surgical removal of the vitreous.

Vitreous

Soft gelatinous material that fills the back of the eye and sits behind the lens.

Vitreous haemorrhage

Bleeding into the vitreous cavity.

Vascular endothelial growth

factor (VEGF)

A substance produced from retina particularly when the oxygen supply is insufficient. It causes
growth of new blood vessels in the retina.

Appendix 2. Additional electronic search strategies

Database Search strategy Date last searched
LILACS (sickle cell) AND (haemoglobinopathies) AND (retinopa- 26 June 2022
thy) AND (laser or photocoagulation)
(lilacs.bvsalud.org/en/)
WHO International Clinical Trials Registry sickle cell OR haemoglobinopathies AND retinopathy AND 26 June 2022
Platform (ICTRP) laser or photocoagulation
Laser therapy for retinopathy in sickle cell disease (Review) 29
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(Continued)

US National Institute of Health Ongoing Tri-
als Register (ClinicalTrials.gov)

sickle cell OR haemoglobinopathies AND retinopathy

26 June 2022

[Enter text here]

WHAT'S NEW

Date Event

Description

12 December 2022 New search has been performed

Searches of the Cochrane Cystic Fibrosis and Genetic Disorders
Group's Haemoglobinopathies Trials Register identified three
potentially eligible references. One was an additional reference
to an already included trial, but there was no additional infor-
mation to be included in the review (Farber 1991). We discarded
the remaining two references as one was not an RCT (Goldbaum
1979) and the second assessed the treatment for proliferative
vitro retinopathy (Berman 1989).

One trial (two references), previously listed in 'Studies awaiting
classification', has now been included in the review (Sayag 2008).

12 December 2022 New citation required but conclusions

have not changed

Two references representing one trial previously under awaiting
classification in previous version was included in the review and
the amendments were made accordingly (Sayag 2008). The con-
clusions of the review have not changed.

HISTORY
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Review first published: Issue 10,2015
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW
Differences between protocol and review

We changed the definition of visual loss. In the protocol version of this review, we defined visual loss as the deterioration of visual acuity
two lines or more from the Snellen chart. However, trials report this outcome using a definition of visual loss as three lines or more (Farber
1991; Jampol 1983).

We removed the outcome 'Change in leakage in FFA (fundus fluorescein angiogram) after three months of treatment!, and we added
'Occurrence of vitreous haemorrhage' as a secondary outcome. The primary outcome of regression of proliferative sickle retinopathy (PSR)
is basically assessed by reviewing FFA, hence we did not report this as a separate outcome. All three trials eligible for our review reported
the outcome 'vitreous haemorrhage'. We considered this as an important outcome since it is a complication of PSR itself and is associated
with visual loss in the affected eye.

Differences between original review and update

The review’s original second primary outcome was defined as development of new PSR. Sayag trial did not report the development of new
PSR but it reported the progression of existing PSR associated with leakage which we added as another criterion for this primary outcome
(Sayag 2008).

INDEX TERMS

Medical Subject Headings (MeSH)

*Anemia, Sickle Cell [complications]; *Choroidal Neovascularization [etiology]; Intravitreal Injections; *Laser Therapy [adverse
effects]; Quality of Life; Vision Disorders

MeSH check words
Adolescent; Adult; Aged; Child; Female; Humans; Male; Middle Aged; Young Adult
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