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Abstract

X-linked retinoschisis (XLRS) is a leading cause of hereditary juvenile macular degeneration in males resulting in significant
vision impairment. Outcome measures to monitor disease progression or therapeutic interventions have evolved with
technology. A systematic review was undertaken to evaluate outcome measures for XLRS. Inclusion criteria were all
publications examining outcome measures for natural history studies or following an interventional approach for patients
with XLRS. Studies which did not present follow-up data were excluded. We searched medical databases including
CENTRAL, Ovid Medline, pre-Medline and ahead of Print up to February 2019. Two authors independently assessed the
risk of bias. Twelve studies meet the inclusion criteria with four prospective and eight retrospective case series. Five series
were natural history observational studies and seven were interventional series using either topical or systemic carbonic
anhydrase inhibitors. Visual acuity (VA) declined very slowly in the natural history studies equivalent to 0.22-0.5 letters per
year. Five of the six interventional studies showed an improvement in VA and four a reduction in spectral domain optical
coherence tomography (SD-OCT) parameters for central macular thickness (CMT). The full-field electroretinogram
identified the 30-Hz latency as a further parameter to monitor function. VA was the measure most likely to show a
statistically significant outcome. How functionally meaningful this is, requires further evaluation. CMT SD-OCT outcomes
are variable depending on cystic changes. More refined measures are required to better correlate structure with function.

Introduction estimated prevalence ranging from 1 in 15,000 to 1 in

30,000. It accounts for ~5% of all childhood-onset inherited
X-linked retinoschisis (XLRS) is the leading cause of her-  retinal dystrophies [1]. It is caused by mutations in the RS1
editary juvenile macular degeneration in males with, an  gene encoding retinoschisin resulting in schitic changes
traversing the inner retinal layers [2]. Clinical findings
include bilateral, cyst-like macular changes and areas of
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applied to inherited retinal dystrophies. Genetic therapies
for XLRS are now a real possibility with the commence-
ment of a phase one trial evaluating the safety and efficacy
of rAAV-hRSI1 in trial patients [12, 13].

With the development of specific gene-based therapies,
the question arises as to when the best time is to intervene.
XLRS has a bi-modal presentation. The most frequent
presentation coincides with school screening or com-
mencement of school, followed by minimal or slow pro-
gression until the fourth or fifth decade when central
atrophy intervenes [3, 14—17]. Eksandh et al. reported that
slow progression may not always be the natural history. In
their review of full-field electroretinogram (FFERG) out-
comes in children <10 years of age, they reported two
children with initially normal FFERG b-wave amplitudes
which became abnormal over 2 years [18]. The second less
common presentation is with strabismus, vitreous haemor-
rhage, nystagmus or reduced visual acuity (VA) due to
peripheral schitic complications frequently before the age of
2 years. The prognosis in these patients is worse with
vitreous haemorrhage and retinal detachment frequently
occurring before the age of 11 years [19]. Intervention
before foveal schisis degenerates into atrophy has been
recommended [17, 20]. It remains unclear which factors
affect the time course of developing outer retinal atrophy
[3, 8, 21].

Clinical trials seek to evaluate whether an intervention is
safe and effective. This is determined by comparing the
effects of interventions on outcomes chosen to identify the
beneficial or harmful effects. For the majority of XLRS
patients the condition progresses slowly, particularly
between the ages of 10 and 50 years, so it is imperative that
any clinical test used to detect disease progression be
characterized by a high level of specificity [22].

The objective of this review was to synthesize the best
available evidence regarding monitoring the natural history
of XLRS and outcome measures in therapeutic trials in
patients with XLRS. In particular, the role of functional
tests, structural assessments and patient-related outcome
measures (PROMs) were considered in this review. This
information will inform prospective trials with novel ther-
apeutic agents.

Methods
Protocol and registration

This systematic review is assessing published outcomes in
XLRS. To date there are no published protocols for
reviewing outcomes in XLRS. There are a number of
registered clinical trials either interventional [12, 23] or
observational [13, 24] which incorporate outcome measures

in XLRS. The PRISMA guidelines for systematic reviews
were used [25]. This systematic review has been registered
with PROSPERO at  https://www.crd.york.ac.uk/
PROSPEROY/.

Eligibility criteria

Inclusion criteria for this systematic review involved all
publications that examined the outcome measures for nat-
ural history studies or following an interventional approach
for patients with XLRS.

The exclusion criteria were: studies reporting three or
less patients, studies which did not present follow-up data or
studies reporting sub-phenotype, e.g., bullous retinal schi-
sis. The exclusion criteria were chosen to ensure that
repeatability of performance with the outcome measures
could be assessed. More than three patients in the study
were chosen to improve statistical assessment and minimize
chance assessment. Excluding sub-phenotypes enables
outcomes most relevant for novel therapeutic trials.

Search methods for identifying studies

Two authors (JRG and CYH) independently searched
CENTRAL (which contains the Cochrane Eyes and Vision
Group Trials Register) (2019), Ovid MEDLINE, Ovid
MEDLINE (R) In-Process and Other Non-Indexed Citations,
Ovid MEDLINE Epub Ahead of Print, In-Process & Other
Non-Indexed Citations, Ovid Medline (R) Daily, Ovid
MEDLINE and Versions (January 1946 to February 2019)
(Supplementary Appendix 1). EMBASE (January 1980 to
February 2019), EBM Reviews—Cochrane Database of
Systematic reviews 2006 to June 2018, EBM reviews—ACP
Journal Club 1991 to February 2019 EBM reviews—Data-
base of Review of Effects 1st Quarter 2019, EBM reviews—
Cochrane Clinical Answers February 2019 EBM Reviews—
Cochrane Central Register of Controlled Trials February
2019, EBM Reviews—Cochrane Methodology Register 4th
Quarter 2018, EBM Reviews—Health Technology Assess-
ment 4th Quarter 2018, EBM Reviews—NHS Economic
Evaluation Database 1st Quarter 2018 Embase Classic +
Embase 1947 to February 2019, ClinicalTrials.gov (www.
clinicaltrials.gov) and the WHO International Clinical Trials
Registry Platform (www.who.int/ictrp/search/en).

We pre-specified the following investigation strategies
for evaluation: structural assessment: optical coherence
tomography (OCT), fundus autofluorescence, fundus or
retinal photography; functional assessment: VA, perimetry
static or kinetic, microperimetry, visual electrophysiology,
mobility assessment and patient-related outcomes specifi-
cally National Eye Institute VQ-25 and others

The search strategy used was as follows: (Retinoschisis/
or x-linked juvenile retinoschisis.mp) and (visual acuity.mp
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or OCT or electrophysiology.mp or microperimetry.mp or
mobility.mo or wide field imagining.mp or fundus photo-
graphy.mp or retinal photography.mp or autofluorescence
or patient reported outcomes.mp or patient reported out-
come measures/) all terms were expanded. We did not use
any date or language restrictions in the electronic searches
for trials. We last searched the electronic databases on 28th
February 2019. This study conforms to the tenets of
Helsinki.

Study selection

We included randomized controlled trials (RCTs) evaluat-
ing efficacy or effectiveness of interventions for XLRS.
Natural history studies of patients with XLRS included
cohort studies where at least one group outcome measure,
such as function (VA, electroretinogram) structure (OCT),
and/or patient-related outcomes were being assessed long-
itudinally. The same test was required to be assessed on two
different occasions.

Data collection and analysis

A data extraction form was developed by the reviewers,
pilot tested on two studies and refined as required. Two
reviewers (JRG and CYH) extracted data from the included
studies and another reviewed verified the extracted data.

This systematic review evaluated studies that included
retrospective reviews and randomized clinical trials. The
randomized clinical trials were assessed for bias (all pro-
spective studies) using the Cochrane Risk of Bias Tool for
RCTs [26, 27]. Three authors assessed the risk of bias in the
prospective studies. The risk of bias related to outcome
measures was assessed using the Quality in Prognosis
Studies (QUIPPS) tool [28]. Four authors independently
assessed each study using the QUIPPS tool.

The Cochrane Risk of Bias Tool for RCTs evaluated
random sequence generation, allocation of concealment,
blinding of participants and personal, blinding of outcome
assessment, incomplete outcome data, selective reporting
and other bias. The studies were classified as good quality,
fair quality or poor quality (Supplementary Table 1).

The assessed risk of bias regarding outcome measures
was evaluated using the QUIPPS tool assessing: sample
selection, recruitment, completeness of follow-up, timing
of diagnosis and blinding. In addition, whether there was
evidence of selective outcome reporting or any other
sources of bias. Disagreements between the review
authors over the risk of bias in particular studies were
resolved by discussion, with the involvement of a third
review author where necessary. The studies were classi-
fied as high, moderate or low risk of bias (Supplementary
Table 2).
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Analysis and synthesis

A narrative synthesis with tabulated results was determined
to be the best way to evaluate the identified studies which
have a large heterogeneity in methodological quality,
intervention and outcome measures [29]. It was not feasible
to combine data by means of a meta-analysis. The sys-
tematic review has followed the PRISMA 2009 checklist to
report systematic reviews [25] (Supplementary Table 3).
Specifically, we analyzed the data with respect to change
in VA, change in visual electrophysiology parameters,
change in OCT measurement of macular thickness.

Results

The results of the search and selection process are shown in
Fig. 1. From a total of 2305 references initially identified,
we selected 67 potentially relevant articles after title and
abstract screening. Finally, 12 studies reported in 12 pub-
lications were included for review [20, 21, 30-39].

A significant limitation of all studies included in this
systematic review is their clinic-based as opposed to
population-based participants. In addition, only one study is
a randomized clinical trial [20] and was classified as good
quality. The risk of bias evaluation for the randomized
clinical trials studies and outcome bias is presented in
Supplementary Tables 1 and 2, respectively.

The main characteristics of the selected studies are pre-
sented in Table 1. The studies include four prospective
series [20, 33, 36, 38] and eight retrospective case series,
only one of these studies is a randomized clinical trial [20].
Five series are natural history observational studies
[21, 30, 33, 36, 39] and seven are interventional series using

’Flowchart for the Selection of Studies

Studies identified through
electronic databases
(n=2305)

Excluded or duplicates
(n=1070)

Combined search Titles and
Abstracts reviewed
(n=1235)

Excluded (n=1168)
Full text studies reviewed
(n=67)
Excluded
Studies reporting 3 or less patients
Studies which did not present follow-up data.
Studies reporting sub phenotype eg bullous schisis
(n=55)
Studies Included
(n=12)

Fig. 1 Flowchart for the selection of studies.
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Table 1 Details of X-linked retinoschisis studies meeting inclusion criteria.

Author No. RS1 mutation Prospective/ Natural history/  Primary outcome Comments
of cases identified (%) retrospective intervention measures
Gurbaxani et al. 11 7 (63.6%) Prospective Intervention BCVA Acetazolamide
[20] OCT
Apushkin et al. 8 0 (0%) Prospective Intervention BCVA Dorzolamide
[38] OCT
Jeffrey et al. [33] 7 7 (100%) Prospective Natural history BCVA
FFERG micro-
perimetry
OCT
Kjellstrom et al. 10 3 (33%) Prospective Natural history BCVA
(36] OCT
FFERG
mfERG
Goldman VF
Andreuzzi et al. 36 17 (47.2%) Retrospective Intervention BCVA Carbonic anhydrase inhibitors
[31] OCT (qualitative) type (number of patients)
Dorzolamide (31)
Brinzolamide (3)
Acetazolamide (1)
Combination (1)
Verbakel et al. 9 4 (44.4%) Retrospective Intervention BCVA Acetazolamide all patients+
[32] OCT Brinzolamide 4 patients
Dorzolamide 2 patients
Yang et al. [34] 4 0 (0%) Retrospective Intervention BCVA Brinzolamide
OCT
Khandhadia et al. 4 4 (100%) Retrospective Intervention BCVA Dorzolamide
[35] OCT
Genead et al. 15 0 Retrospective Intervention BCVA Dorzolamide
[37] OCT (time
domain)
Cukras et al. [30] 120 120 (100%) Retrospective Natural history BCVA 80 with follow-up
FFERG 55 FFERG with 29 follow-
OCT up FFERGs
Apushkin et al. 38 0 Retrospective Natural history BCVA 31/38 patients’ visual field
[21] Goldman VF
Roesch et al. [39] 92 91 Retrospective Natural history BCVA

Note that the optical coherence tomography is spectral domain unless otherwise stated.

BCVA best corrected visual acuity, OCT optical coherence tomography, FFERG full-field electroretinogram, mfERG multifocal electroretinogram,

VF visual field.

either topical carbonic anhydrase inhibitors [34, 35, 37, 38]
or systemic carbonic anhydrase inhibitors or combination of
topical and systemic agents [20, 31, 32]. No quality of life
PROMs have been reported for XLRS.

Visual acuity outcomes

Typical approaches used to characterize VA include
threshold events, e.g., a 15-letter loss or gain (doubling of
the visual angle) or loss of VA to a level worse than 6/12
where the outcome compares the percentage of success or
failure between different treatment groups [40]. Mean
changes in best corrected VA (BCVA) have evolved to be
the preferred primary outcome measure for clinical trials

involving large subject numbers such as diabetic retino-
pathy or age-related macular degeneration, as this enables
smaller sample sizes, increases precision and helps avoid
issues of misclassification around a threshold of step
changes on the scale [41].

The XLRS publications studies assessing VA outcomes
were divided into two groups: those reporting natural his-
tory of XLRS and those reporting change in VA following
an intervention (Table 2). All the intervention studies
involved carbonic anhydrase inhibitors delivered topically
or systemically. In the natural history observational group,
two studies Kjellstrom et al. [36] and Apushkin et al. [21]
showed no significant change in VA over the study period
which had a mean follow-up of 10.2 years. Apushkin et al.

SPRINGER NATURE
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study presents data from which VA progression was cal-
culated showing a decline of —0.01 LogMAR units per
year, equivalent to loss of one letter every 2 years [21].
Roesch et al. reported a —0.00333 LogMAR unit decline
per year equivalent to a 21.2% deterioration in VA over
19.8 years [39]. Jeffrey et al. reported that within-subject
variability was relatively small compared with the differ-
ences in VA between subjects [33]. Cukras et al. reported an
annual rate of VA decline of 0.22 letters per year as mea-
sured by ETDRS LogMAR chart [30]. The very slow
decline in VA makes detecting change difficult. These
studies suggest the VA loss is equivalent to 0.22-0.5 letters
per year.

The second group reporting VA outcomes was for stu-
dies assessing the effects of topical or systemic carbonic
anhydrase inhibitors (Table 2). Yang et al.’s was the only
one of six studies in this group to report no improvement
with carbonic anhydrase inhibitors [34]. The other five
studies all reported significant improvement in VA.

Optical coherence tomography outcome measures

Assessment of change in OCT parameters has been affected
by changing technology. Studies performed prior to 2008
used time domain OCT and could only measure gross
outcomes such as qualitative assessment of cystic cavities
and central macular thickness (CMT). Macular thickness in
XLRS is not a matter of tissue thickness but a change in
cavity dimension with age macular atrophy and cell loss
develops. Eight studies were included that reported on
outcomes using spectral domain OCT (SD-OCT) para-
meters (Table 3). Jeffrey et al. [33] examined the repeat-
ability for SD-OCT measurements in patients over four
visits and found that central retinal thickness (logOCT) did
not change over the assessment period (P =0.81). Seven
studies reported on the change in macular thickness or
appearance following the use of carbonic anhydrase inhi-
bitors either topically or systemically. Only two studies
were prospective, Apushkin et al. [38] and Gurbaxani et al.
[20], with the latter being the only randomized study
reported to date. A significant change in SD-OCT macular
parameters was a change of >2 standard deviations from the
pre-intervention mean measurement. Using these criteria
four studies [32, 35, 37, 38] found significant reduction in
SD-OCT parameters for CMT. Gurbaxani et al. [20] and
Yang et al. [34] did not find a significant change in SD-OCT
measured macular thickness following the use of carbonic
anhydrase inhibitors. Andreuzzi et al. [31], the only
observational study, qualitatively examined the SD-OCT
appearance for resolution or change in cyst size and
reported a 66% reduction in cyst size.

Bennet et al. proposed a more refined measure of retinal
structure that designated the outer segment thickness

Table 3 Studies reporting optical coherence tomography and their outcome measures.

Outcome significance

definitions

Significance

Result

Measurement

Study and outcome

Study

P<0.05

0.3
Threshold

Mean A 20.36 (6.4%)

Number of patients meeting criteria 7/8 patients (87.5%)

CMT pm

Prospective change in CMT pre and post intervention

Gurbaxani et al. [20]

A FT>—-19.6%

Prospective observational change in FT and FZT

Apushkin et al. [38]

AFZT>—-17.1%

31/18% (better/worse eye) Not significant

Prospective observation repeatability coefficient CMT  Significant change

over 6 months

Jeffrey et al. [33]

NA

Appearance 66% cyst reduction

Retrospective change in cyst size pre and post

intervention (categorical)

Andreuzzi et al. [31]

NA A CMT > —22.4%

55.6% of eyes had

reduction

Percent change

Retrospective percentage change in FZT pre and post

intervention (threshold)

Verbakel et al. [32]

A CMT > —19.6%

Threshold

3/4 patients

Retrospective change in CMT pre and post intervention % change

Yang et al. [34]

>2 SD reduction
A CFZ —17.1%

0.007

P
P

Mean A 61 pm

Khandhadia et al. [35] Retrospective change in CMT pre and post intervention CMT pm

Genead et al. [37]

0.008

Mean A 95.5 um

Retrospective change in CFZ pre and post intervention CMT pm

FT central foveal thickness, FZT foveal zone thickness within 1000 pm centred on foveola, CFZ central foveal zone central 1000 um centred on the foveola, CMT central macular thickness, A

change or increment, SD standard deviation, NA not applicable.

SPRINGER NATURE
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Tla blte 4hStl}dies repo(ritltrlllg~v1sual Study Outcome measure Measurement Result Significance
clectrophysiology and their instrument (P<0.05)
outcome measures.
Cukras et al. Change in 30-Hz latency 30-Hz latency 0.123 P=0.02
[30] (milliseconds per year)
Jeffrey et al. Repeatability coefficient Change b/a ratio 0.44/0.23 (better/ Not significant
[33] b/a ratio over 6 months worse eye)
Kjellstrom et al. Change in FFERG
[36] parameters:
b-wave amplitude Amplitude No change OD P=0.142
OS P=0.573
30-Hz flicker Amplitude OD P=0.981
amplitude OS P=0.683
30-Hz flicker latency =~ Amplitude and OD P =0.904
implicit time OS P=0.325
b/a ratio Ratio size 1.2+0.22 2nd Not significant
1.5+0.65

FFERG full-field electroretinogram.

defined as the distance between the ellipsoid zone and the
retinal pigment epithelium [42]. They showed a strong
correlation with BCVA [42]. Andreoli et al. postulated that
the lack of correlation between CMT at the fovea and
BCVA is due to the opposing effects of schisis and atrophy
on thickness measurements [43]. Increased inner retinal
thickness (retinal nerve fibre layer, ganglion cell layer, inner
plexiform layer) from schisis and decreased perifoveal inner
retinal thickness presumably from inner retinal atrophy have
both been correlated with decreased VA [42].

Visual electrophysiology outcome measures

Two groups in three studies evaluated International Society
for Clinical Electrophysiology of Vision standard electro-
physiology outcomes (Table 4). XLRS characteristically
produces an electronegative FFERG, whereby the
photoreceptor-generated a-wave has the same or greater
amplitude than the inner retina-generated b-wave. This is
because the inner retina is the site of the pathology in
XLRS. Hence, b-wave amplitude and the b/a ratio were
natural choices in order to try and determine progression.
The light adapted 30-Hz flicker test measures cone system
sensitivity. The responses arise from on and off bipolar cells
in the inner retina that connect to cone photoreceptors.
Jeffrey et al. assessed variability of potential outcomes
measures over a 6-month period. They found low variability
in b-wave amplitude [33]. They commented that four of
seven eyes in the worse eye group had b-waves that were
similar to the background noise, which in turn, minimizes
their contribution to the variability of the b/a ratio. They
also found that the variability of light adapted 30-Hz flicker
amplitude was small and similar to that of the FFERG
a-wave. Cukras et al. and Jeffrey et al. reporting on cohorts
from the same institution found that the 30-Hz latency did

SPRINGER NATURE

change significantly over time suggesting that this may
prove useful as another measure of safety [30, 33]. The
study by Kjellstrom et al. was of significant duration in
looking at change in ten patients over a mean of 12 years.
This is noteworthy, compared with short-term studies.
These authors found no significant change in
b- wave amplitude, b/a ratio and 30-Hz flicker amplitude
and latency [36].

Multifocal electroretinograms (mfERG) were evaluated
by three groups [36, 44, 45]. The mfERG helps understand
focal retinal function and depicts the distribution of the
affected and unaffected retinal areas, which could be useful
in future interventional therapeutic procedures, as well as in
the follow-up of these patients. The pattern ERG was ana-
lyzed by Vincent et al. and found to be abnormal [46].
These macular electrophysiologic investigations were per-
formed on one occasion preventing assessment of these
investigations as markers of disease progression.

Correlation of functional and structural measures

In the treatment trials consideration has been given to
whether the reduction in retinal cysts leads to improved VA.
In five studies this was assessed [20, 31, 32, 35, 38]. It was
only Apushkin et al. who showed a correlation between VA
and OCT assessment of macular thickness in association
with carbonic anhydrase inhibitor use [38]. In contrast,
Gurbaxani et al. concluded that change in macular thickness
may not always mean improvement in vision to the patient
and this may be related to the pre-existing state of the retinal
tissue [20]. Genead also found that there was only modest
improvement (of 1 line not reaching significance) in VA
even with appreciable improvement in cystic changes on
OCT [37]. Apushkin et al. reported that those patients with
non-cystic-appearing changes within the fovea, including
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pigment mottling or an atrophic appearing lesion, tended to
have a more appreciable degree of VA impairment com-
pared with those patients with a cystic-appearing foveal
change providing further evidence of an indirect association
between macular thickness and VA [21].

Discussion
Summary of evidence

The outcome measures assessed included BCVA, OCT,
CMT and visual electrophysiology. These outcome mea-
sures for monitoring XLRS were evaluated in 12 studies,
including four prospective [20, 33, 36, 38] and eight ret-
rospective case series. Five were natural history observa-
tional studies [21, 30, 33, 36, 39] and seven were
interventional series using either topical carbonic anhydrase
inhibitors [34, 35, 37, 38] or systemic carbonic anhydrase
inhibitors or combination of topical and systemic agents
[20, 31, 32]. Only one study was a prospective randomized
study [20].

Visual acuity outcome measures

Measuring sensitivity to the change of a VA test is difficult,
in that there is no independent gold-standard method of
establishing whether true clinical change has occurred [47].
Detection of progression requires the separation of true
change from measurement variability. For slowly pro-
gressive disease, true changes can be largely confounded by
test—retest variability, when assessed over a relatively short
period of time. While this can affect individual patient
management, this variability may significantly affect end-
points and sample sizes used in clinical trials [48]. A change
in 10-15 letters detected has been incorporated into study
designs evaluating anti-vascular endothelial growth factor
agents [47, 49, 50]. Two studies adopted a change of seven
ETDRS letters as significant; using this criterion five of
eight subjects reached this goal [32, 37].

VA has been shown through a number of natural history
observational studies to remain relatively stable with only
minimal deterioration [21, 30, 36]. The trials reported here
show that stability occurs through 10-12 years of follow-
up. One trial with mean follow-up of 19.7 years found a
21.2% decline in VA [39]. When VA was used as an out-
come measure for intervention trials with topical or sys-
temic carbonic anhydrase inhibitors (Table 2) five of the six
studies reported statistically significant improvement in
acuity according to their individual study protocols after
treatment. One interventional observational study involving
four children under 10 years of age did not find any sig-
nificant improvement [34]. The relationship of statistically

improved VA and patient perception has not been evaluated
by any study to date.

Optical coherence tomography outcome measures

OCT showed improvement in macular thickness parameters
in four studies following carbonic anhydrase inhibitor ther-
apy [32, 35, 37, 38], no significant reduction in macular
thickness in two trials [20, 34] and in one study, the sig-
nificance was not measured but qualitatively there was a
reduction in macular schisis [31]. OCT macular measure-
ments did not correlate with VA. Increasing age was asso-
ciated with the macular becoming atrophic restricting the
ability to correlate macular thickness improvement due to
schitic thinning. Apushkin was the only publication reporting
an association between VA and OCT parameters [38].

Electrodiagnostic outcome measures

The FFERG b/a ratio did not change from baseline and part
of this may reflect a floor response. Whereas the light
adapted 30-Hz flicker stimulus may correlate with disease
status [37], which contrasts with Kjellstrom who found no
change over time [36].

Cukras found a strong correlation for structural and
functional measures between the two eyes highlighting the
potential for monocular therapies to use the fellow eye as an
appropriate comparison reference [30].

Patient-reported outcome measures

Patient-related outcomes are increasingly being identified as
important in inherited retinal disorders [51]. To date they
have not been reported for XLRS. These patients-reported
functional levels offer an opportunity to further refine out-
come measures.

Conclusion

This systematic review highlighted that VA was the mea-
sure most likely to show a statistically significant outcome.
The reported change in VA although statistically significant
was small raising the issue as to whether or not the change
was functionally meaningful. The assessment of this VA
change requires further evaluation to determine clinical
usefulness. The rate of change of vision is slow in most
cases; assuming no intervening peripheral schitic compli-
cation. Macular SD-OCT outcomes were variable with
studies showing improvement in CMT but poor correlation
with VA. OCT measurement of macular thickness includes
all retinal layers. A more refined measure is that of outer
segment thickness. This measurement should be
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investigated longitudinally to assess the correlation with
visual function. Visual -electrophysiology provides an
objective measure of retinal function and is readily tolerated
by both children and adults. The limitation to wider use of
visual electrophysiology in monitoring XLRS is the avail-
ability of testing centres appropriately equipped and staffed
with trained technicians. The FFERG 30-Hz latency com-
ponent was identified as a further functional parameter.
PROMs provide a means to capture patient’s perspectives
on their health and impact of therapeutic interventions [52].
By providing validated and standardized patient assessed
evidence of effectiveness they are becoming an important
outcome measure. PROMs will be an area for future
research to refine biomarkers used to evaluate natural his-
tory or novel therapies in XLRS.
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