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How should we report the foveal status in eyes with “macula-
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Whilst pre- and postoperative multimodal imaging technologies including optical coherence tomography (OCT) have investigated
the morphological correlates of worsened visual outcomes in rhegmatogenous retinal detachment (RRD) with foveal involvement,
the nomenclature has adhered to the traditional ophthalmoscopy-based and rather vague term “macula-off”. This article appraises
the current literature with regard to the preoperative assessment and nomenclature of the foveal status in macula involving retinal
detachment (MIRD). A literature review of recent publications assessing functional or morphological outcomes in MIRD was
conducted, using the search terms “fovea-off” or “macula-off”. The search date was April 28th, 2021. Original studies in English
language were included. Case reports, review articles or letters were excluded. Forty relevant articles (range of publication dates:
July 29th, 2020 - April 18th, 2021) were reviewed to assess the diagnostic modalities used, morphological parameters assessed, and
any specific nomenclature introduced to specify the extent of macular detachment. The results suggest widespread variability and
inconsistencies with regard to the preoperative assessment, diagnostic modalities and nomenclature used to describe the foveal
status in eyes with RRD termed “macula-off”. The extent of macular detachment may be classified by a wide range of morphological
parameters, including the height of foveal detachment and the ETDRS grid as overlay tool in OCT devices. There is a scientific and
clinical need for an updated nomenclature for eyes with “macula-off” RRD. Preoperative OCT findings should be reported on a
regular and standardized basis in order to establish a consensus how to report the foveal status in eyes with MIRD.

Eye (2023) 37:228–234; https://doi.org/10.1038/s41433-022-02074-7

INTRODUCTION
Despite the advancements in retinal surgery over the past decades,
foveal involvement in rhegmatogenous retinal detachment (RRD) is
still associated with disappointing visual outcomes, even after
prompt and successful retinal surgery [1–3]. Numerous studies and
database analyses have assessed a variety of prognostic factors for
visual recovery in “macula-off” rhegmatogenous retinal detachment,
including individual factors (e.g. age, duration of symptoms, pre-
existing retinal pathologies), peri-operative factors (e.g. time and
type of surgery, experience of surgeon, follow-up and positioning of
patients) as well as anatomical features on first presentation (e.g.
foveal involvement, extent of detachment) [2, 4–10]. The purpose of
this review was to explore inconsistencies with regard to the
nomenclature and assessment of the preoperative macular status in
eyes termed “macula-off” in current clinical and scientific practice,
and to detail possible morphology-based methods to report the
foveal status in macula involving retinal detachment.

METHODS
A literature search was made on Pubmed with the search terms
“fovea-off” or “macula-off” on April 28th, 2021. Original studies
from 2000–2021 were included. The search was restricted to
articles written in the English language. Case reports, reviews or
letters were excluded. First, relevant articles were reviewed for the

assessment of the correlation between preoperative morphology
and postoperative functional outcome. As a second step, forty
recent articles, published from July 29th, 2020 to April 18th, 2021,
were reviewed to assess the diagnostic modalities used,
morphological parameters assessed, and any specific nomencla-
ture introduced to specify the extent of macular detachment.

PREOPERATIVE OPTICAL COHERENCE TOMOGRAPHY IN EYES
WITH “MACULA-OFF” RETINAL DETACHMENT
Today, as compared to the age of purely observational ophthalmo-
scopy, the preoperative examination of the macula is currently
undergoing fundamental change [11, 12]. Multimodal imaging
techniques, including high resolution optical coherence tomography
(OCT) have been increasingly used to describe the foveal status in
eyes previously termed “macula-off” in a more detailed manner,
successfully correlating preoperative morphology with postoperative
functional outcomes and retinal morphology since their introduction
to clinical ophthalmology in 1995 [13]. In 2000, Hagimura et al.
reported significant intraretinal changes in one of the first studies
examining the detached macula with preoperative OCT [14]. Three
preoperative factors were found to correlate significantly with
postoperative visual acuity in their cohort of 25 consecutive patients:
intraretinal splitting (cystoid cavities), intraretinal splitting with an
“undulated” outer retina, as well as the height of foveal detachment
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[15]. In 2005, Lecleire-Collet et al. suggested that the height of retinal
detachment may be a better prognostic indicator than preoperative
visual acuity, especially in eyes with lower amounts of subretinal fluid
[16]. This study of 20 patients found a highly significant correlation
with postoperative visual acuity for the distance between the foveal
centre to the nearest undetached retina, especially when combined
with intraretinal structural changes [16]. At the same time, Ross et al.
were the first to measure the height of macular detachment with
3-dimensional B-scan-ultrasonography in a prospective study of 52
eyes with RRD of less than 7 days duration, and found that shallower
subretinal fluid was correlated with better functional outcomes [17].
More recently, in a retrospective review of 180 eyes with RRD and an
OCT-based preoperative diagnosis of a detached fovea, Park et al.
found that an intact external limiting membrane and the involve-
ment of fewer quadrants were both associated with a better
functional recovery [2]. In 2021, Hostovsky et al. published a
consecutive case series of 47 eyes with an OCT-based diagnosis of
“macula-off” and found that the presence of a macular hole, an
epiretinal membrane and the height of foveal detachment correlated
to postoperative visual acuity [18]. Further examples of studies
assessing preoperative parameters in eyes with “macula-off” are
included in Table 1 [12, 19–55].
While the correlation between worsened functional outcomes

and retinal morphology has been described in unprecedented detail
by modern multimodal imaging devices, the relationship between
photoreceptor damage and retinal morphology has already been
investigated thoroughly by Machemer et al. more than 50 years ago
in multiple histologic, phase-contrast and electron microscopic
autoradiographic studies of experimental retinal detachments in owl
monkeys [56]. Thus, many of the aforementioned morphological
features of the detached and reattached retina seem to affirm and
correspond to the profound knowledge gained through these early
experimental studies, including the time and pattern of photo-
receptor renewal after retinal reattachment and the recovery of ERG
responses [57–59]. Remarkably, even though the correlation
between preoperative morphology and postoperative visual func-
tion has been demonstrated repeatedly, no consensus on the
preoperative assessment of the macular status in eyes termed
“macula-off” has yet been established. As a result, retina specialists
are confronted with a multitude of studies, which – even though
mostly well-executed – often assess a wide range of non-
standardized parameters in non-standardized ways. This variability
limits the comparability between studies and poses a major
question to the scientific and clinical community: Do we still speak
the same language when we say “macula-off”, - or in other words -
can we do better in classifying and reporting the foveal status of
eyes with an ophthalmoscopy-based diagnosis of “macula-off”?

LITERATURE REVIEW OF THE NOMENCLATURE AND
ASSESSMENT OF EYES WITH “MACULA-OFF”
Anatomically, the term macula refers to the central area of the
retina located in between the temporal vascular arcades and the
optic nerve head, measuring roughly 5.5 mm in diameter [60]. The
fovea, the foveola and its central plateau (called the umbo)
measure approximately 1.5 mm, 0.3 mm and 0.15mm in diameter,
respectively. While most retina specialists may have accepted the
term “macula-off” as a sufficient means to describe a detached
foveal status, a review of 40 recent publications focusing on
“macula-off” retinal detachment (search term “macula-off” or
“fovea-off” on pubmed.gov, date April 28th, 2021, Table 1)
highlights that the term “macula-off” may include a variety of
morphological states which, - depending on the degree of detail, –
may be based on different diagnostic methodologies, ranging
from fundoscopy-based approaches (e.g. “clock hours”, “quad-
rants”) to grid-based strategies using preoperative OCT, albeit
comparatively rarely [1, 2, 24, 52, 61, 62]. The inconsistency
in assessing and reporting the macular status, as is evident in theTa
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up-to-date scientific literature is even more surprising with the
continuous technical improvements of OCT devices over the past
two decades, especially in high detachments [18]. The ability of
newer generation OCT scanners to image the structure of a
detached macula may be under appreciated: a development
which may provide a much greater understanding of the
aetiology, prognosis and recovery of vision following “macula-
off” retinal detachment. Names matter, both in a clinical context as
well as scientific publications, which is why frequently-used terms
need to be regularly revised and if necessary adapted to newer
examination modalities—a process reminiscent of the once
inconsistent and non-standardized approach to classification of
diffuse versus focal diabetic macular oedema [63]. Only once we
have reached consensus as to what morphological situation we
are referring to when we talk about “macula-off”, can we advance
our art, and add to the evidence-base of RRD with macular and
foveal involvement. Ultimately, a universal morphology-based
classification of the preoperative macular status may not only
facilitate communication between retina specialists and their
fellows (e.g., over the timing of surgery in dependence of distance

to fovea) but also with our patients, guiding us in determining
individual outcomes and optimal treatments.

THE NEED FOR A UNIFORM MORPHOLOGY-BASED
NOMENCLATURE
But how can we report the foveal status more accurately? Above
all, a morphology-based nomenclature should be easy to under-
stand and apply on the one hand and improve outcome
prediction on the other hand. Thus, a potential classification
could possibly benefit from prior endeavours to correlate retinal
morphology and function. We believe that a commonly accessible
and easy-to-apply tool such as the ETDRS-grid could meet the
need for an outcome-related grading of the macular status, as
presented at the 18th Congress of the European Society of Retina
Specialists [64]. Our proposed scheme (Fig. 1) classifies five grades
of macula involving retinal detachment (MIRD) based on the
extent of macular involvement in preoperative OCT, adhering to
the original ETDRS nomenclature (centre= centre of the central
subfield) [65]. In 2020, Ng et al. adapted the aforementioned

Fig. 1 Proposal of a five-tier grading system for macula involving retinal detachment. Visualisation and nomenclature of five grades of
Macula Involving Retinal Detachment (MIRD) based on the morphological extent of involvement using an ETDRS-grid overlayed on a 30°
Infrared-Image and the corresponding optical coherence tomography scan, adapted from Klaas et al. [4]. Grade 4 (G4) and Grade 5 (G5) are
distinguished by a detached foveal centre and are referred to as Center Involving Retinal Detachment (CIRD). In contrast, a center approaching
situation (G1-G3) is labelled as Center Approaching Retinal Detachment (CARD).

Fig. 2 Proposal of a six-tier grading system for macula involving retinal detachment. Visualisation and nomenclature of a six-tier grading
system for the detached macula using the ETDRS grid as proposed by Ng et al. [52].
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scheme in a prospective study of 48 patients, illustrating and
expanding its applicability (Fig. 2) [52]. In a retrospective cohort of
102 eyes with MIRD, we found that a detachment involving four
outer subfields of the grid (CIRD G5, Fig. 1) was correlated with a
significantly worse postoperative visual acuity in comparison to a
foveal detachment involving only three outer subfields (CIRD G4,
Fig. 1 and Fig. 3) [4]. Boden et al. have suggested combining the
height of foveal detachment with the extent of detachment in a
further ETDRS-grid-based grading scheme in 108 eyes with macula
involving retinal detachment (Fig. 4) [24]. But what if we cannot
assess the height of detachment due to high detachment of the
macula by OCT? Even though the limited axial imaging range of
OCT devices (~2000 µm) can make imaging of bullous RRDs
impossible, techniques such as consecutive axial scanning have
been proposed [16]. Ultimately, however, precise imaging may be
more important in eyes with a lower amount of subretinal fluid
and a lower extent of detachment that could benefit most from

earlier surgery. This could prevent further structural damage,
visualised through morphological changes in the preoperative
OCT, such as the formation of cystoid cavities or early outer retinal
atrophy [2, 4, 24, 66].

CONCLUSION
The data and different solutions presented herein demonstrate
that the variety of morphological phenotypes and outcomes
witnessed in eyes with macula involving RRD may not be met
sufficiently by the established names “macula-off” vs. “macula-on”
anymore. Instead, there is a growing scientific and clinical need for
an updated more precise nomenclature, as it could be assessed
routinely using optical coherence tomography before surgical
intervention.
In conclusion, we believe future studies should be initiated on

the basis of an international consensus, recommending how to
report the foveal status in eyes with macula involving RRD.
Commonly available overlay tools, such as the ETDRS-grid in OCT
devices have been shown to be of use in grading the preoperative
extent of detachment and may help in assessing additional
morphological features in a standardized manner, which in turn
may be integrated into a future classification system. In doing so,
we may shed a brighter light on how a possible and probable path
to recovery after macula involving RRD may look like, hence
reaching an evidence- and morphology-based agreement on both
the immediacy of our management and the patient’s individual
risk for long-term vision-loss.
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scans. * marks one of the four inner (parafoveal) subfields of the ETDRS grid. ƒ marks height of foveal detachment (=291 µm, as measured
perpendicularly to the RPE in 1:1 resolution).

Fig. 4 Proposal of a three-tier grading system for macula
involving retinal detachment. Visualisation of a grid-based grad-
ing system for eyes with macula involving retinal detachment using
the 1.0 mm (red), 3.0 mm (pink) and 6.0 mm (yellow) diameter of the
ETDRS grid as proposed by Boden et al. [24]. Grade 3 is further
subdivided according to the height of foveal detachment in the
corresponding OCT scan (cutoff = 250 µm).
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