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Abstract
Objective To evaluate the long-term results of gas tamponade without vitrectomy in patients with myopic foveoschisis (FS)
and foveal detachment (FD).
Methods Twenty eyes of 20 patients with myopic foveoschisis and foveal detachment were analysed retrospectively. All
patients received an intravitreal injection of 0.2–0.3 mL C3F8 as an initial treatment. The patients were followed up for at
least 18 months after the procedure. The refractive status, best-corrected visual acuity (BCVA), and anatomical abnormalities
in macular area before and after the treatment were assessed and recorded.
Results After initial gas tamponade, FD resolved completely (defined as responders) in 14 eyes, resolved partially in 2 eyes
(defined as partial responders), and worsened in 4 eyes (non-responders) at the 3-month follow-up visit. Vitrectomy was
performed in four eyes that showed increased detachment (two cases) or developed macular hole (two cases). Repeated gas
injection was performed in two recurrent cases after initial success at the 3-month follow-up, and the foveal detachment once
again resolved. Overall, 70% of our cases demonstrated resolution of FD at the 3-month follow-up and the long-term
responders to gas injection was 65%. The risk factors for treatment failure were: (1) The presence of optical coherence
tomography (OCT)-evident premacular membranes (p= 0.03) and (2) the height of FS measured >588 µm (p= 0.009).
Conclusion Our data supported that gas tamponade may be effective as an alternative treatment for selected cases of myopic
FS with FD. The procedure may be especially beneficial in patients without OCT-evident premacular membranes and have
low height of FS.

Introduction

Pathological myopia, estimated to affect 0.9–3.1% of the
world population, is defined as “high myopia with any
posterior myopia-specific pathology from excessive axial
elongation” and may lead to the development of sight-
threatening eye diseases [1–3]. Structural changes in

pathological myopia include thinning of the scleral and
expansion of the globe, and, as a consequence, the devel-
opment of posterior staphyloma and optic disc myopic
conus [4–8]. Other changes within the retinal layers are
increasingly noticed as optical coherence tomography
(OCT) becomes more widely used, such as foveoschisis
(FS), peripapillary detachment, tractional internal limiting
membrane (ILM) detachment, and lamellar or full-thickness
macular hole (LMH and FTMH, respectively), and these
changes were filed under the category of myopic tractional
maculopathy (MTM). The pathogenesis of myopic FS was
proposed to be the result of dynamic forces between out-
ward stretch of the posterior staphyloma and contralateral
vitreoretinal traction [9]. In cases of myopic FS, 34.5–72%
of the cases may progress to develop foveal detachment
(FD) [10–12]. FD marks poor prognosis of vision outcome
in the eyes of pathologic myopia [10].

Vitrectomy with or without pealing of the ILM has been
advocated for treating myopic FS [13–16]. However, con-
troversies remain as the natural course of myopic FS may be
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variable. Shimada et al. reported 207 patients with myopic
FS, in which most showed stable clinical courses, and only
11.6% of them progressed during a follow-up period of >2
years [17]. In some cases, myopic FS may even improve
with time [18]. On the other hand, the presence of FD and
premacular membrane makes the formation of MH more
likely. In addition, vitrectomy with ILM peeling, although
highly effective to release traction, may have surgical risks,
even if fovea-sparing technique was used [19]. Thus the
optimal treatment option for myopic FS is still debatable.

In our previous study, we reported the feasibility of
treating FD with gas tamponade alone in MTM patients
[20]. The anatomical improvement rate was around 70%;
however, the study only had a small case number, and some
patients were only followed for short periods. MTM com-
plicated with FD and FS may fluctuate after gas injection,
where some patients who responded well initially may
relapse over time, and vice versa. Thus long-term follow-up
with more cases is necessary to fully elucidate the effect of
the gas treatment and to analyse the risk factors for disease
progression [20]. Our hypothesis was that, after the injec-
tion, if the forces between gas expansion, out-pouching of
the posterior staphyloma, and the traction of premacular
membranes did not compromise the retinal structures, a new
balance may be reached, enabling subfoveal fluid reab-
sorption or even improvement of retinoschisis. In this
report, we examined 20 patients and monitored their long-
term results to assess the effect of gas tamponade in treating
MTM with FD and to identify possible risk factors that may
predict poor outcome.

Materials and methods

Between November 2007 and August 2017, consecutive
patients who have received gas tamponade for myopic FS
with FD at National Taiwan University Hospital were

reviewed. Patients were selected to have gas injection for
FS and FD if the height of foveal elevation was <1250 µm
(about 5 times of an average macular thickness). Informed
consent was obtained from the patients after a thorough
discussion of the pros and cons of gas injection and
vitrectomy. Those fulfilling the following inclusion criteria
were recruited in this retrospective study: (1) age >18 years;
(2) high myopia with refraction <−6.0 D (spherical
equivalent) or axial length >26 mm; (3) presence of inner
and/or outer retinal schisis in the posterior pole combined
with localized retinal detachment within the temporal
arcades; (4) a minimum follow-up period of 18 months after
the first gas tamponade; (5) if both eyes underwent the same
treatment, only the first eye is included. Patients with MH or
previously treated retinal detachment were excluded from
the study, and those with concomitant peripheral degen-
erations or breaks that warrants treatment were also exclu-
ded. Informed consent was acquired upon first clinic visit
for clinical research data acquisition. The study was
approved by the Ethics Committee and Institutional Review
Board of National Taiwan University Hospital and adhered
to the Declaration of Helsinki.

Patients’ preoperative data, including demographics,
refractive error, lens status, axial length, and best-corrected
visual acuity (BCVA) were retrieved and recorded. Pre-
operative OCT was analysed for the recording of central
foveal thickness (CFT), the height of FD and FS, and
vitreoretinal interface abnormalities. The height of FD was
defined as the largest distance measured manually between
the inner border of the retinal pigment epithelium (RPE)
and the outer border of the neural retina at the foveal area.
The CFT was measured at the same site as for FD, but the
distance was from the RPE to the inner retinal surface. The
height of FS was defined as the largest difference between
the inner and outer borders of the neural retina within the
area of FD (Fig. 1a). Vitreoretinal interface abnormalities
were deemed as present if OCT showed one or more of the

Fig. 1 Examples of optical
coherence tomographic (OCT)
images showing the
measurement of various
parameters and vitreomacular
interface abnormalities. a
Central foveal thickness, the
height of foveal detachment, and
the height of foveoschisis are
shown by the vertical lines. CFT
central foveal thickness, FD
foveal detachment, FS
foveoschisis. b-1 premacular
membranes (hollow arrows), b-2
peripapillary traction (arrow),
and b-3 nerve fibre layer schisis
(asterisks) are shown
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following three conditions: premacular membrane (Fig. 1b-
1), peripapillary traction (Fig. 1b-2), and schisis in the
nerve fibre layer (Fig. 1b-3). Premacular membrane is
defined as the presence of either epiretinal membrane
(ERM) or vitreomacular traction (VMT). The reason that
cases with OCT-identifiable ERM in our series were not
excluded is that, in a high myopic eye, the absence of ERM
on OCT does not preclude the actual presence of ERM,
which we occasionally encounter during operation but not
visible on preoperative OCT [21, 22]. Post-procedural
recordings included BCVA and OCT analysis, focusing on
the height of FD and FS, the evolution of vitreoretinal
interface abnormalities, and the formation of LMH or
FTMH.

Fundus photography and standard 6-, 9-, 10-mm OCT
images of the macula were obtained for all participants
using CirrusTM HD spectral domain OCT (Carl Zeiss
Meditec, Inc., Dublin, CA, USA) or Optovue Avanti
RTVue XR OCT (Optovue, Inc., Fremont, CA, USA).

After proper disinfection and anterior chamber para-
centesis, intravitreal injection of 0.2–0.3 mL per-
fluoropropane (C3F8) was performed using a 27-gauge
needle through the temporal upper or lower pars plana at
3.75- and 3.25-mm posterior to the limbus in phakic
and pseudophakic patients, respectively. Postoperatively,
patients were advised to maintain a facedown position for
5 days and then take up a regular follow-up schedule.

We stratified the outcome at 3 months and at the last
follow-up time into the following categories: complete
resolution of FD with or without FS, partial resolution of
FD and FS, worsening of FD, and complication of MH.

Among which complete resolution of FD after primary
injection, regardless of the status of FS, were defined as
responders. Those with worsening of FD and complicated
with MH were defined as non-responders; others were
classified as partial responders.

For patients with limited improvement of FD within
3 months of gas injection and without other complications
from the procedure, repeated gas tamponade to facilitate
subretinal fluid absorption was proposed and performed
with the patients’ consent. An additional gas injection was
also offered to patients with initial good response but sub-
sequent recurrence of FD during follow-up. Recurrence was
defined as re-emergence of FD at least 3 months after the
primary documented outcome. Vitrectomy was carried out
in patients with MH formation or as requested by the
patient.

Statistical analysis

Age, refractive error, axial length, heights of FD, and CFT
were compared between different outcomes using Student’s
t test, assuming the similar variances. FS was analysed with
Wilcoxon rank-sum test. Lens status and presence of pre-
macular membranes were compared using Fisher’s exact
test. Statistical significance was considered as p < 0.05.
Optimal cut-off for statistically significant continuous
variable was calculated by the receiver operating char-
acteristics (ROC) curve analysis with assessment of the area
under the curve (AUC) [23]. An AUC value of >0.8 was
considered excellent, and the specificity and sensitivity of
the cut-off point were also calculated.

Fig. 2 Diagram illustrating the
treatment courses and
anatomical results of all the
treated eyes. FD foveal
detachment, FS foveoschisis,
MTM myopic tractional
maculopathy. Fragmented
rectangle marks the treatment
received. Gas intravitreal gas
injection, PPV vitrectomy with
internal limiting membrane
peeling. Numbers in brackets
represents the patient count.
*Resolution of FD, with or
without FS. †Partial responders
referred to those with partial
resolution of FD after gas
injection only. ‡Non-responders
referred to those with either
progression of FD or those
complicated with macular hole.
**Responders referred to those
with complete resolution of FD
with only gas injection

Long-term results and risk factors influencing outcome of gas tamponade for myopic foveoschisis with. . . 395



Results

Clinical characteristics

Twenty eyes of twenty patients were enrolled in the
study. Demographics are shown in Table 1. The average
age was 59 years, ranging from 34 to 75 years; there were
5 men and 15 women. The mean follow-up time was
43.6 months, ranging from 18 to 90 months. The mean
refractive error, documented as spherical equivalent, was
−16.95 ± 5.92 D, ranging from −9.5 to −27.5 D; the
mean axial lengths was 30.42 ± 2.19 mm, ranging from
26.35 to 33.84 mm. Five of the twenty eyes were pseu-
dophakic upon initial presentation, others were phakic
during intervention.

Preoperative OCT findings

Preoperative OCT revealed the average height of FD, height
of FS, and central retina thickness were 410.2 ± 209.9 µm
(113–874 µm), 519.0 ± 97.2 µm (344–728 µm), and 565.8 ±
212.4 µm (315–1162 µm), respectively. Nine of the 20
patients had premacular membranes upon the diagnosis of
FS and FD.

Outcomes

We defined those who showed complete resolution of FD
after a single or repeated gas injection as responders. After
the initial gas injection, 14 out of 20 eyes (70%) achieved
complete resolution of FD at 3 months postinjection
(responders); 2 patients had partial resolution of FD (partial
responders); and four eyes had worsening of the disease
(non-responders) (Fig. 2). Among the 14 responders, 5 eyes
(36%) also had complete resolution of FS (Fig. 3a), while
the remaining 9 eyes (64%) had partial resolution of FS
(Fig. 3b). Of the 4 patients (20%) who had progression of
disease after initial treatment, 2 experienced progression of
FD, and the other 2 developed MH with detach-
ment (Fig. 3c). The two with progressive FD was docu-
mented on the first postinjection office visit and subsequent
visit did not show improvement. The development of MH
occurred at 3 weeks and 2 months postinjection separately.

Of the 14 initial responders, 4 experienced recurrence of
FD. In these four eyes, two were treated successfully with
an additional injection of C3F8, one resolved spontaneously
over a period of several months, and one received vitrect-
omy on patient’s request, which we included in the non-
responders group.

Fig. 3 a Representative optical coherence tomographic (OCT) images
before and after intravitreal injection of C3F8 showing complete
resolution of foveal detachment (FD) and foveoschisis (FS). a-1 FD
and FS (measured 549.9 µm) were detected in preoperative OCT
images. a-2 After gas injection, FD gradually decreased over several
months. a-3 Reattachment and resolution of FS was achieved and
sustained for 5 years. b OCT images before and after C3F8 intravitreal
injections showing partial resolution of FD and FS. b-1 Preoperatively,
FD and FS were noticed. b-2 Four weeks after gas injection, FD

significantly decreased, but FD persisted. b-3 Long-term follow-up
showed persistent detachment but with less height than initial. c OCT
images before and after C3F8 intravitreal injection of a non-responder
who developed macular hole. c-1 FD, FS, and premacular membrane
(hollow arrow) were noticed preoperatively. c-2 Three weeks after gas
injection, retinal detachment associated with a full thickness macular
hole (FTMH) was seen (arrow head) along with premacular mem-
branes (hollow arrows). c-3 After vitrectomy, the retina was reattached
with closure of the macular hole

396 I.-H. Ma et al.



Overall, the final responders were 13 eyes (65%) with
gas injection or with repeated gas injection. Partial
responders were two eyes and showed no detectable chan-
ges in the detachment status during follow-up without
additional injections. Non-responders were five eyes,
including the four initial non-responders and one initial
responder with FD recurrence, all achieving lasting FD
resolutions without residual fluid or schisis after vitrectomy.
Functionally, at the last follow-up, BCVA improved in 14
eyes, remained the same in 2 eyes, and worsened in 3 eyes.
The functional outcome correlates closely with the anato-
mical outcome (Table 1.).

We compared the preoperative characteristics of the gas
responders, partial responders, and non-responders to
identify potential risk factors for poor prognosis after gas
injection to provide guidance for future treatment. Statistical
analysis comparing non-responders to the others showed
that the presence of premacular membrane and the height of
FS served as two significant risk factors for poor treatment
response (p= 0.03, Fisher’s exact test; and 0.009, Wilcoxon
rank-sum test, respectively) (Supplement Table 1). With
ROC depicting FS and the outcome of gas injection, we
found that the AUC was 0.925, and the optimal threshold of
588.8 µm yielded a sensitivity of 0.87 and specificity of 1.0
for treatment failure (Fig. 4). We performed subgroup
analysis by stratifying patients into groups with and without
premacular membranes, and the result confirmed the nega-
tive impact of FS height in intravitreal gas injection inde-
pendent of premacular membranes (p < 0.05, Wilcoxon
rank-sum test). The axial length between the two groups,
however, showed no statistically significant difference. In
the two patients who developed FTMH after the first
injection of C3F8, the preoperative heights of FS were both
>588 μm, and both had evident premacular membranes on
OCT sections preoperatively.

Discussion

In this study, we defined responders as those with resolution
of FD after gas injection with or without resolution of FS.
The significance of FD resolution in MTM is that it may
improve functional outcome and, more importantly,
decrease the risk of MH development. We selected the data
at 3-month period and the last follow-up to investigate the
difference between the initial response and the long-term
results in order to better understand the exact effect of the
gas treatment. Consistent with our previous study with
fewer cases and a shorter follow-up period [20], the rate of
foveal reattachment after one session of intravitreal gas
injection was 70% at the 3-month period in this larger
cohort. The favourable response was detected soon after gas
injection; therefore, the improvement was mainly con-
tributed by the gas treatment instead of the spontaneous
resolution sometimes seen in such cases. However, during
subsequent follow-up, some of the cases experienced
recurrence. Because of the initial response to gas injection,
repeated injection was offered to those cases with recurrent
detachment, and the majority again obtained foveal reat-
tachment. In the long-term follow-up, our results showed
that 13 cases (65%) attained complete resolution of FD with
gas injections only and were deemed as responders. With
resolution of FD, none developed MH during the follow-up
period, and visual acuity also improved in these patients.

Important new findings were recognized in this study: (1)
The presence of premacular membranes and the height of
FS upon presentation were significant risk factors for
potential treatment failure. (2) We identified that MH with
retinal detachment, although rare, emerged as a complica-
tion of gas injection. (3) Repeated gas injections posted no
specific risk in patients who did not have adverse response
to the initial injection.

The discovery that the premacular membranes and the
higher FS heights predict treatment failure is in concordance
with Gaucher’s description that MTM with FD and ERM
was found to develop MH [10]. As the height of FS is
measurable, quantitative analysis can be made. In our study,
we found significant differences between responders and
non-responders, with a mean FS height of 491.3 and
622.8 µm, respectively. Moreover, using ROC, we deducted
a critical point of FS height at 588.8 µm, which had a high
sensitivity and specificity to separate the favourable from
the unfavourable outcome with gas tamponade. We believe
that this could serve as a practical marker for eligibility
screen prior to intravitreal gas injection. We proposed that
the interaction between the expansion of intraocular gas and
the retina was the major factor determining the final out-
come. The stronger the traction of the premacular mem-
branes, the less likely the injected gas may exert a beneficial
effect on the retinal configuration. Although not all

Fig. 4 Receiver operative curve depicting the height of foveoschisis
and the outcome after gas injection. The area under curve was 0.925,
and a cut-off point at 588.8 µm has a sensitivity of 0.87 and specificity
of 1.0 for treatment failure
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preretinal membranes can be seen on OCT images, our
study suggests that only the eyes with OCT detectable
membranes were prone to treatment failure. This result may
indicate that either the traction is stronger if the membrane
could be seen on OCT or gas induces more prominent
traction on membranes visible by OCT, which, when
severe, may result in treatment failure. In this case,
vitrectomy is more suitable. Also, from our study, no
treatment failure has been noticed after vitrectomy.

In our series, we encountered two cases of MH formation
after gas injection. Although the development of MH may
be the natural course of the disease, the close temporal
association between gas tamponade and MH formation
strongly suggests a cause–effect relationship. The char-
acteristic features of these two cases include OCT-
identifiable premacular membranes and higher height of
FS than 588.8 µm.

In this study, we found that repeated gas injection had no
major adverse impact on the macular condition such as
decreased BCVA, increased FD, or FTMH formation. We
observed that if the response to the first injection was
favourable (i.e. total or partial resolution of FD), favourable
responses could be expected for additional injections for
those who had persistent partial FD or recurrent FD,
regardless of VM interface abnormalities. We propose that,
after the first injection, if the forces between gas expansion,
out-pouching of the posterior staphyloma, and the traction
of premacular membranes did not compromise the retinal
structures, a new balance may be reached, enabling the
retina layers to settle down gradually.

Our study was limited by its retrospective nature and the
lack of controls. In addition, the case number was only
modest, and only those patients with less severe FS were
offered to have gas treatment (see “Materials and Methods”
section); thus the success rate could be biased. Nevertheless,
our long-term study did seem to support that gas tamponade
can be used as an alternative treatment for selected cases of
myopic FS with FD.

In conclusion, our results showed that preoperative OCT
examinations may serve as an objective tool for selecting
patients who may benefit from gas injections. Although the
concept that tractional membranes may lead to poor prog-
nosis was not new, it was not statistically demonstrated
before. Further, in this study, we found a cut-off point of FS
height of <588 µm and an absence of vitreoretinal traction
membrane by OCT as two conditions for a favourable
outcome after gas injection; also, those initial responders
may have good response after repeated gas injection when
recurrence of FD developed. Therefore, we suggest gas
injection as a reasonable option for MTM cases with low FS
height and no OCT-evident premacular membranes. Further
study with more cases may be required to confirm our
observations.

Summary

What was known before

● In myopic foveoschisis, many progress into foveal
detachment, which marks poor prognosis of vision
outcome.

● The evolution course of myopic traction maculopathy
may be variable.

● Although vitrectomy with or without internal limiting
membrane peeling has been widely used, the best
treatment option for foveoschisis with foveal detach-
ment remains controversial.

What this study adds

● Intravitreal gas injection could be an effective
alternative to vitrectomy in selected cases of myopic
traction maculopathy with foveoschisis and foveal
detachment.

● The height of foveoschisis and the presence of
premacular membrane were major factors related to
the anatomical results after intravitreal gas injection.

● Repeated gas injection posts little additional risks for
those who showed no complications after initial gas
treatment.
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