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Abstract
Purpose The purpose of this study is to investigate potential factors predicting complete recovery of visual acuity following
surgery for macula off retinal detachment (RD).
Patients and methods Retrospective review of patients operated for macula-off RD at Jules-Gonin Eye Hospital between
January 2015 and December 2016. The study included patients with visual acuity recovery of 0 LogMAR. A control group
of 83 patients with comparable baseline characteristics but partial recovery of visual acuity after vitrectomy for macula-off
RD was used for statistical comparison analysis.
Results Seventy-four patients, 46 males (62%) and 28 females (38%), were included. Mean age was 65 years (standard
deviation: 12). Median follow-up was 6 months (interquartile range: 3). Fifty patients (68%) were pseudophakic. Median
pre-op best-corrected visual acuity (BCVA) was 2 LogMAR (interquartile range: 1.22). Forty-three of the patients (58%) had
preoperative BCVA equivalent of count fingers or less. The majority of the patients (91%) had up to 3-day duration of
macular detachment (MD) before surgery. In comparison only 18% of the group of patients with partial recovery of visual
acuity after vitrectomy for macula-off RD had been operated within 3 days of MD (p < 0.0001). In 63% of the 40 cases in
whom an optical coherence tomography (OCT) of the fovea could be interpreted, OCT image showed a retained foveal
depression of the detached retina, whereas only 35% of the 46 control eyes with adequate OCT imaging showed a retained
foveal depression (p= 0.01).
Conclusions In our study, patients had significantly better chances of complete visual acuity recovery when operated within
3 days of MD in comparison to more delayed surgery. Additionally, preservation of the foveal depression of the detached
retina appeared to be a common characteristic among patients demonstrating complete visual recovery.

Background

Surgical management of macula-off rhegmatogenous retinal
detachment (RRD) has been associated with a high rate of
anatomical success in recent years [1]. Nevertheless, func-
tional outcomes after surgery are variable and unpredictable
for these cases and patients present more often with
incomplete recovery of their visual acuity [2]. Many pre-
operative factors have been reported to be affecting the
recovery of vision following reattachment of a macula-off

RRD including age of the patient, height of the macular
detachment (MD), duration of the MD and the best-
corrected visual acuity (BCVA) [1–8]. It has been suggested
that a macula-off RD should be operated within the 1st
week after its development and that a more urgent surgical
repair does not affect visual outcome and is therefore not
necessary [9]. Many vitreoretinal departments apply that
timeframe for surgery of macula-off RDs.

However, in recent years, emerging data from experi-
mental research studies, but also from few clinical studies,
are suggesting that a more timely intervention may be
required in macula-off RRD than previously believed in
order to achieve the healing of cellular damage coupled
with full functional recovery [1, 4, 10–12].

Furthermore, in recent years, optical coherence tomo-
graphy (OCT) has allowed objective and quantitative
measurements of RRD height and a more precise evaluation
of the architectural changes of the detached retina. These
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data have allowed new insights into understanding visual
recovery after successful macula-off RD surgery and the
potential predictive factors associated with functional
recovery [2, 13–18].

In the present study, we have evaluated the character-
istics of patients presenting complete short-term recovery of
visual acuity (0 LogMAR units) after vitrectomy for
macula-off RD.

Patients and methods

This is a retrospective review of patients operated on by two
of the authors (LK and TJW) at the Jules-Gonin Eye Hos-
pital between January 2015 and December 2016.

Inclusion criteria were:

(1) Cases of RD with confirmed macular involvement for
which postoperative follow-up data were available.

(2) Recovery of at least 0 LogMAR visual acuity in at
least 2 follow-up visits postoperatively.

Exclusion criteria were:

(1) Uncertain preoperative macular involvement, e.g.,
bullous superior RD without demonstrable proof of
macular involvement.

(2) Dense ocular media pre-operatively, e.g., significant
cataract and vitreous haemorrhage.

(3) Patients with incomplete MD and/or good preopera-
tive vision (LogMAR 0.0 or better).

(4) Patients for which postoperative follow-up data were
not available.

A control group of 83 patients was used for statistical
comparison analysis. Patients of the control group were
operated on by two of the authors (LK and TJW) at the
Jules-Gonin Eye Hospital between January 2015 and
May 2018.

Inclusion criteria of the control group were:

(1) Cases of RD with confirmed macular involvement for
which postoperative follow-up data were available.

(2) Patients that had documented visual acuity of 0
LogMAR prior to the development of RD.

(3) Patients with a final VA > 0.2 LogMAR after
vitrectomy for macula-off RD.

Exclusion criteria of the control group were the same as
for the study group.

All patients had a comprehensive ophthalmic examina-
tion including measurements of BCVA, intraocular pres-
sure, slit lamp, fundus and OCT examinations. All cases in

all their consultations had their visual acuity examined by
highly experienced certified optometrists using standardised
refraction techniques.

Additionally, we recorded the gender, age, lens status
and the duration of MD. A Heidelberg Spectralis SD-OCT
instrument was used to obtain all SD-OCT images (Hei-
delberg Engineering, Heidelberg, Germany). The height of
the RD was measured when possible using the computer-
based calliper measurement tool of the SD-OCT. All
patients underwent standard three-port pars plana vitrect-
omy using 23-gauge instruments with either the Constella-
tion (ALCON, Fort Worth, USA) or the Eva Machine
(DORC, Zuidland, The Netherlands). Descriptive analyses
concerning mean/median values and standard deviations
(SD) were performed were performed using SPSS software
(SPSS v.25 for mac; SPSS Inc., Chicago, IL).

The BCVAs were converted to logarithm of the mini-
mum angle of resolution for statistical analysis. BCVAs of
counting fingers and hand movements at two feet were
valued 2 and 3 LogMAR units, respectively [19].

Statistical analysis of differences between proportions of
prevalence of the two groups was conducted using MedCalc
(MedCalc Software, Ostend, Belgium). Comparisons of
proportions were evaluated by the “N-1” chi-squared test as
recommended by Campbell and Richardson [20]. Associa-
tions were considered statistically significant when p values
were <0.05.

Results

Seventy-four patients—46 males (62%) and 28 females
(38%)—were included in the study after having been
operated on for a macula-off RD by one of two authors (LK
and TJW). During the study period, all patients demon-
strated complete visual recovery. Median follow-up was
6 months (interquartile range: 3) (minimum 4 to maximum
9 months). Mean age was 65 years (SD: 12). Fifty patients
(68%) were pseudophakic. Median pre-op BCVA was: 2
LogMAR (interquartile range: 1.22). Forty-three of the
patients (58%) had BCVA equivalent of counting fingers or
less. Gas tamponade (SF6–21% and C3F8–12%) was used
in the majority—70 cases (95%). Silicone oil was used in
three cases because two patients were living at high altitude
and one needed to fly the next days after the surgery. In all
three cases, silicone oil was removed at about 7 weeks after
the first surgery.

The control group consisted of 83 patients, 54 males
(65%) and 29 women (35%), 58 (70%) pseudophakic.
Median pre-op VA was 2 LogMAR (interquartile range:
1.22). Median follow-up was 6 months (interquartile range:
3) (minimum 4 to maximum 10 months). There were no
statistical differences between the two groups regarding
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gender, age, lens status, preoperative BCVA and follow-up
duration.

None of the patients of both groups demonstrated any
signs of proliferative vitreoretinopathy at presentation.

In the study group, the mean interval between the
beginning of central visual disturbance and surgical
intervention was 2.4 (SD: 1.4) days (range: 1–9 days)
(Fig. 1). The majority of patients—67 patients (91%)—
had up to 3-day duration of central visual disturbances
before undergoing surgery. The number of patients who
demonstrated full visual acuity recovery was more or less
proportionately distributed among days 1, 2 and 3 with
26% of the cases having surgery up to 1 day after MD,
34% up to 2 days after MD and 31% of the cases up to
3 days after MD.

In comparison to the study group, only 18% (15 of 83
patients) of the control group of patients with partial
recovery of visual acuity after vitrectomy for macula-off RD
had been operated on within 3 days of MD. (The difference
of proportions was statistically significant between the two
groups p < 0.0001). (Fig. 2).

In the study group, OCT images were obtainable in 51
patients but only in 40 could the foveal area be interpreted.
In 63% (25 patients) of these 40 cases the OCT image
shown a retained foveal depression of the detached retina
(Fig. 3). In 37% (15 patients) of these 40 cases the OCT
image showed oedema in the external plexiform layer of the
detached retina. Measurement of the MD height was pos-
sible in 36 patients and its mean value was 942 μm (SD:
267). In the remaining 38 patients, the height of the MD
was higher than the OCT could measure. In four cases,
OCTs of the foveal area were obtainable and interpretable,
but the height of MD was not measurable.

In comparison to the study group, OCT imaging in the
control group showed a retained foveal depression of the

detached retina only in 16 (35%) of 46 cases in whom an
OCT of the fovea could be interpreted. The difference of
proportions was statistically significant between the two
groups (p= 0.010)

In 37% (17 patients) of the 46 cases of the control group,
the OCT image showed oedema in the external plexiform
layer of the detached retina. OCT measurement of the MD
height was possible in 42 patients, and its mean value was
902 μm (SD: 204 μm). The difference of proportions was
not statistically significant between the two groups regard-
ing oedema in the external plexiform layer of the detached
retina and MD height.

In all but one patient in the study group and in two cases
in the control group, the retinas were re-attached with a
single procedure. The visual acuities in these three cases
were not altered after the second surgery.

Discussion

The conundrum of macular recovery after RRD has
occupied the ophthalmic research community for over a
century [3]. Many preoperative factors have been reported
to be affecting the recovery of vision following reattach-
ment of a macula-off RRD including the age of the
patient, height of the MD, duration of the MD and the
preoperative BCVA [1–8] along with several OCT char-
acteristics [2, 6, 14, 18].

Several studies have suggested that the most important
predictor for visual recovery after macula-off RRD surgery
is preoperative vision [21–23]. However, in a recent study
by Kobayashi et al. [18] preoperative vision did not appear
to significantly correlate with the final vision [18]. In our
present study, 58% of our patients had preoperative vision
equivalent to counting fingers or less and nevertheless
showed complete VA recovery after surgery indicating that
additional factors such as short duration of the RRD may
play a significant role.

The accurate impact of duration of the MD on functional
recovery and the optimal timing of surgery is not yet
unanimously established [1, 3, 4, 9, 24, 25].

Ross et al. [9] advocated in a landmark study that the
duration of MD within the 1st week does not influence the
visual recovery after the RRD surgery. Many vitreoretinal
centres worldwide apply this timeframe for surgery of
macula-off RDs.

Recent studies have, however, suggested that an earlier
intervention could probably be even more advantageous.
Cell death in the retina after detachment peaks at the 3-
day time point after which it continues at lower levels as
long as the retina is detached [26]. Lewis et al. [10]
showed in experimental RDs that retinal reattachment
within 1 day of detachment is remarkably effective in

Fig. 1 Distribution (days) of duration of central visual symptoms
before surgical intervention for each patient. Duration ranged from
1 to 9 days while the majority of the patients—67 patients (91%)—had
up to 3-day duration of central visual disturbances before undergoing
surgery.
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halting many of the cellular changes at the photoreceptor
level that may pose a threat to the return of normal vision.
From a clinical stand point, Van Bussel et al. recently
conducted a systematic review and meta-analysis of nine
studies on the impact of the duration of macula-off RD on
visual outcome. Their analysis suggested that scleral
buckling for MD must preferably be performed within
3 days to optimise visual outcome. However, they found
only limited amount of data regarding pars plana vitrect-
omy, which precluded a meta-analysis with substantial
results [1]. Frings et al. [12] investigated the influence of
lag time between the onset of central visual acuity loss
and surgical intervention of macula-off RD and concluded
that patients who are treated up to 3 days after the onset of
central vision loss have a better final visual acuity than
patients with longer lag times. However, they did not find

statistically significant differences regarding surgery
within the first 3 days [12]. On the other hand, Greven
et al. [4] reported that the duration of MD affected the
final BCVA even in patients whose MD was <3 days, with
significant differences in the final BCVA between
detachments of 1- vs 3-day duration.

In our study, patients had significantly better chances of
complete visual acuity recovery when operated on within
3 days of MD compared to more delayed surgery. Our study
could not ascertain if earlier surgery, i.e., day 1 rather day 2
or 3 could potentially be even more advantageous. The
number of patients who demonstrated full visual recovery
was more or less proportionately distributed among days 1,
2 and 3 of the duration of MD.

On another note, several recent OCT studies assessed
various characteristics of detached retinal architecture

Fig. 2 The majority of the
patients with complete visual
acuity recovery (91%, 67 of 74
patients) had been operated
within 3 days of macular
detachment. In comparison to
the study group, only 18% (15
of 83 patients) of the control
group of patients with partial
visual acuity recovery had been
operated within 3 days of
macular detachment.

Fig. 3 SD-OCT of the detached macular showing a retained foveal
depression as well as oedema in the outer plexiform layer of the
retina. Note that while the OCT of the foveal area was obtainable and

interpretable, the height of macular detachment was superior to what
the OCT could measure.
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revealing some insights that may help understand some
novel elements of visual recovery after successful surgery
[2, 13–18, 27, 28].

In our study, the preservation of the foveal depression in
the detached retina appeared to be more often correlated
with patients achieving complete visual recovery after sur-
gery. As only about half of our patients the study and the
control group had interpretable OCT images, consequently
these results should be interpreted with caution. Further-
more, it is possible that increased MD duration may lead to
more degenerative retinal changes and to the loss of the
foveal depression, in which case some OCT changes could
merely reflect duration.

Obvious limitations of our study consist of it being
retrospective in character. Furthermore, the duration of
MD may be biased by patient perception and therefore
may not be particularly accurate. The effects of such bias
may be overstated as in almost all cases the patient’s
description often matched the information provided by the
referring ophthalmologist. Lastly, we evaluated only
relatively short-term visual acuity recovery, even though
it is known that patients’ postoperative BCVA may con-
tinue to improve up to several years after surgery for
macula-off RD [29].

Another issue to be considered is that complete visual
acuity recovery does not necessarily reflect complete func-
tional recovery or having attained the status quo ante. Some
of our patients reported quality of vision issues such as a
slight attenuation of colour perception despite excellent
BCVA. We did not perform auxiliary tests due to the lim-
itations of the retrospective design and additional tests like
microperimetry [30] may provide a more precise assessment
of functional recovery.

One interesting point that is emerging from our study is
that there were cases that—against all odds—and despite
presenting many unfavourable signs such as long docu-
mented duration of MD and high MD have still achieved
full BCVA recovery. It is unknown which other potential
protective parameters or even possible genetic character-
istics allow some patients to achieve such a favourable
evolution and not to others.

In conclusion, in our study patients had significantly better
chances of complete visual acuity recovery when operated on
within 3 days of MD in comparison to more delayed surgery.
Additionally, preservation of the foveal depression of the
detached retina appeared to be a common characteristic
among patients demonstrating complete visual acuity recov-
ery suggesting a potential association with functional recov-
ery. Ultimately, the only predictive factor that is modifiable
by the surgical management is the duration of MD, and our
results suggest, therefore, that a macula-off RD should pre-
ferably be repaired within 3 days of the macula detaching.

Summary

What was known before

● There are emerging data albeit limited suggesting that
more timely intervention may be required in macula-off
RRD than previously believed.

What this study adds

● We describe characteristics of patients presenting
complete visual acuity recovery after vitrectomy for
macula-off retinal detachment.

● In our study patients had significantly better chances of
complete visual acuity recovery when operated within
3 days of macular detachment in comparison to more
delayed surgery.

● Additionally, preservation of foveal depression of the
detached retina appeared to be a relatively common
characteristic among patients demonstrating complete
visual acuity recovery suggesting a potential association
with functional recovery though that change could be
merely a reflection of duration.

● Ultimately, the only factor that is modifiable is the
duration of MD and probably a well-timed intervention
is advantageous.
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