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Abstract

Purpose: We report anatomical and functional outcomes of gas injection for small-medium full thickness macular holes
(FTMH) with vitreomacular traction (VMT).

Methods: This retrospective-comparative case series included patients with stage 2 FTMH who underwent intravitreal
injection of perfluoropropane (C3F8) or sulfur hexafluoride (SF6) gas. Clinical evaluation included B-scan ultrasonography
and spectral-domain optical coherence tomography (OCT) to assess post-procedure MH closure, vitreous status, and visual
outcomes.

Results: There were five men and seven women with a mean age of 63.75 years (range: 54-76). The median duration of
symptoms was 8.5 months (range: 2-52 months). The mean BCVA at presentation was 0.51 LogMAR (Snellen equivalent
20/65). The mean macular hole aperture size was 206 (range: 127-334yp). In eight (67%) patients, FTMH closed after gas
injection. All the four open holes underwent vitrectomy. The median follow-up was 11 months (range: 2-53 months). At the
last follow-up, all the patients had type 1 MH closure; BCVA improved in 10 (83%). The mean post-treatment BCVA was 0.28
LogMAR (Snellen equivalent 20/38). One patient developed retinal tears, which were successfully treated with barrage laser
photocoagulation.

Conclusion: Intravitreal gas injection is a valid treatment modality for non-surgical macular hole closure, especially in small-
medium FTMH. Gas-assisted PVD induction and release of VMT provides a viable option for patients unwilling/unfit for

vitrectomy, with no carry-over disadvantage in subsequent surgery in case of macular hole non-closure.

Keywords: LogMAR BCVA; Pharmacological Vitreolysis; Vitreomacular Traction

Abbreviations: BCVA: Best Corrected Visual Acuity
Assessment; C3F8: Perfluoropropane Gas; FTMH: Thickness
Macular Holes; SF6: Sulfur Hexafluoride; IVTS: International
Vitreomacular Traction Study; MH: Macular Holes; OCT:
Optical Coherence Tomography; SD: Software Mean; VMT:
Vitreomacular Traction; VMT: Vitreomacular Traction.

Introduction

Idiopathic macular holes are an important cause of
visual loss in the elderly population. The Gass classification

Non-Surgical Pneumatic Repair of Stage 2 Macular Holes

based on careful clinical examination divided macular
holes (MH) into 4 stages [1]. Optical coherence tomography
(OCT) enhanced the understanding of pathogenesis and
progression of MH [2,3]. The International Vitreomacular
Traction Study (IVTS) Group classified macular holes
based on role of vitreous traction, hole size and concurrent
vitreomacular traction (VMT) [4]. The stage 2 macular hole
of Gass classification paralleled primary small-medium
sized MH with concurrent VMT. Although idiopathic macular
holes may close spontaneously in about 3% to 11% of cases
[5-7], surgical repair employing vitrectomy and release of
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causative tractional forces is an established procedure for
the treatment of small macular holes. Overall success rates
of macular hole surgery reported in the literature are over
90% after a single operation [8]. Since vitrectomy carries
risks [9], a less invasive alternative may provide benefits in
terms of safety, reduced morbidity, convenience, and cost.
Pharmacological vitreolysis with Ocriplasmin has been
considered in macular holes with concurrent VMT [10-15],
thereby avoiding surgery in these patients. Although the
macular hole closure rate with Ocriplasmin was around
40%, the post-market safety concerns, limited access and
prohibitive cost are significant limitations to its widespread
use [11,12,14]. Intravitreal injection of expansile gas has
been shown to induce release of vitreofoveal traction in
stage 2 macular hole [16-29]. This treatment option may
provide an alternative for patients who have difficulties
with surgery and postoperative positioning. The present
study aimed to incorporate OCT to evaluate anatomical &
functional outcomes following intravitreal-gas-induced VMT
separation in stage 2 MH.

Patients and Methods

This retrospective non-comparative case series included
12 eyes of as many patients with stage-2 macular holes
with minimum aperture diameter < 400u. All patients in
the series underwent intravitreal injection of expansile gas
(perfluoropropane, C3F8; or sulfur hexafluoride, SF6) to close
the macular hole non-surgically. We report the anatomical
and functional outcomes of the patients who completed
post-procedure follow-up of at least 2 months. A waiver for
this retrospective review of records was obtained from the
institutional ethics committee. A detailed ophthalmologic
examination was performed including best-corrected
visual acuity assessment (BCVA), intraocular pressure
recording, slit lamp bio microscopy and dilated indirect
ophthalmoscopy with scleral depression. Special attention
was given to any peripheral degenerations predisposing to
retinal tear/detachment, which were duly barraged with
laser photocoagulation, when present. Status of posterior
vitreous detachment was assessed and graded using B-scan
ultrasonography and spectral domain optical coherence
tomography (OCT) (Topcon 3D-1000 Topcon, Tokyo, Japan
or Heidelberg Retinal Analyzer, Heidelberg Engineering,
Germany) [30,31]. The stage of PVD was recorded as outlined
by Johnson et al using ultrasonography and OCT [14]. All
patients were offered the options of pneumatic macular hole
repair or vitrectomy. The patients who were not compliant
for primary vitrectomy were enrolled for the pneumatic
procedure. The future need for vitrectomy in case of failure
of the non-surgical procedure was clearly explained. After
discussion of the head posturing requirements, a written
informed consent was obtained from each of the patients in
accordance with the tenets of the Declaration of Helsinki. All
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the procedures were performed in the operating room by
either of the authors.

After prepping and draping under topical anesthesia, a
self-retaining wire speculum was inserted to avoid eye lashes
in the surgical field. After anterior chamber paracentesis,
0.3-0.4 cc of pure C3F8 or 0.5mL of SF6 gas was injected
3.5 mm posterior to the surgical limbus using a %-inch
30-gauge needle. We preferred C3F8 gas in myopic eyes to
achieve a greater arc of contact. When the axial length was
25mm or longer, we used 0.4mL of C3F8. After injection, all
patients were instructed to maintain face-down position for
7-10 hours a day. The patients were first reviewed at 6-8
hours, subsequently at days 1,7 and 14 postoperatively, and
monthly thereafter. All patients underwent dilated fundus
examination and intraocular pressure assessment at each
visit. Ultrasonography and OCT were performed at each visit
after week 2 postoperatively. The following information was
retrospectively recorded after reviewing patient charts: age,
gender, prior ocular history, duration of symptoms, BCVA,
phakic status, macular hole dimensions, and status of PVD at
presentation and the most recent follow-up, complications,
and duration of follow-up. The aperture size of the macular
hole was measured using the caliper function of OCT at the
narrowest horizontal width in the mid retina, parallel to the
retinal pigment epithelium [4]. Hole closure was defined as
complete apposition of the edges with central continuity of
photoreceptor layer. Statistical analysis was performed using
STATA 11.1 (Texas, USA) software Mean (SD) and frequency
(percentage) was used for continuous and categorical
variables respectively. Paired t-test test and Wilcoxon sign-
rank test were used to compare difference in means between
preoperative and final visits. Mann-Whitney U test was used
to compare means between two groups. Pearson correlation
was used to determine correlation between two continuous
variables. Kruskal-Wallis H test was used to compare means
between more than two groups. The P-value less than 0.05
were considered statistically significant.

Results

This retrospective interventional study included 5 men
and 7 women with a mean age of 63.75 years (range, 54 to
76 years) at the time of the interventional procedure. Eight
(66.7%) of the 12 study eyes had previously undergone
cataract surgery with implantation of posterior chamber
intraocular lens. The median duration of symptoms was
8.5 months (range: 2-52 months, Mean: 14.4 months). The
macular hole was bilateral in 2 patients, in whom the fellow
eye had stage 4 macular hole. The mean logMAR BCVA at
presentation was 0.51. Eight (66.7%) patients had BCVA
worse than 0.3 in the study eye prior to the procedure.
The mean macular hole aperture size was 206u (range,
127 to 334p). Two eyes had myopic axial length (24mm

Copyright© Singh ] and Shukla D.


https://medwinpublishers.com/OAJO

and 24.5mm) and received 0.5mL C3F8 gas. Vitreofoveal
separation was observed by ultrasonography in all the
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patients at 2 weeks. The macular holes gradually closed over
the following 3-4 weeks (Figure 1).

Status quo was maintained over the following year.

Figure 1: This 74-year-old lady (Case 8) had visual decline in her left eye for about a year. The best-corrected visual acuity
(BCVA) was 20/120. a) Optical coherence tomography (OCT) revealed a small full-thickness macular hole (128u) with
vitreofoveal traction. b) A month after intravitreal injection of 0.4mL 100% sulfur hexafluoride gas, the vitreofoveal traction
was released, with closure of macular hole. c) Remodeling of the foveal contours continued 3 months post-procedure with a
central continuity of the photoreceptor layer. The ellipsoid zone was still interrupted centrally. BCVA had improved to 20/80.

A primary type 1 closure of the macular holes was
observed in 5/5 eyes with C3F8 and 4/7 eyes with SF6 gas
respectively. However, one macular hole in the C3F8 group
re-opened after 8 months; and was closed successfully with
vitrectomy, internal limiting membrane peeling and SF6 gas
tamponade. Three macular holes that failed to close with
SF6 injection were also similarly closed with vitrectomy. The
final success rate purely with gas injections was therefore
67% (8/12 eyes). The median duration of follow-up was
11 months (range, 2 to 53 months, mean: 20.5 months).
At the last follow-up, all the patients had type 1 macular
hole closure. None of the patients experienced an increase
in intraocular pressure during any of the post-procedural
examinations. The mean post-treatment BCVA was 0.3
(Snellen BCVA 20/40); ten (83%) patients improved to
this or better BCVA. Four (25%) eyes improved to a BCVA
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of 0.1(Snellen =20/25) or better. The difference between
mean preoperative and final LogMAR BCVA was statistically
significant (p= 0.002). There was no significant difference in
the final BCVA in eyes with intact ellipsoid band (p=0.143)
or myoid band (p= 0.643) and those with disrupted ellipsoid
and myoid bands respectively. The results are summarized
in the Table 1. One of the study eyes developed horse-shoe
tears related to the development of PVD following the
procedure. Since he had already undergone a prophylactic
laser photocoagulation for lattice degeneration, the tears
failed to cause a retinal detachment (RD). The barrage laser
photocoagulation was reinforced; the patient maintained a
stable retinal attachment. No other major complications like
lens injury, intraocular hemorrhage, epiretinal membrane,
visual field defects or endophthalmitis were observed.
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Symptom Initial | MH Final MH MH |Ellipsoid| Myoid

Age . Follow-up status
S. No. (years) Sex | duration | Eye |LogMAR Size | (months) LogMAR | Gas ost- status | band band
y (weeks) BCVA BCVA P Final |integrity | integrity

(1) gas
1 59 F 26 Right 0.3 201 0.1 C3F8 | Closed | Closed | Present | Present
2 55 M Left 0.6 260 0.6 C3F8 | Closed | Closed | Absent | Present
3 58 M Left 0.48 127 33 0.3 C3F8 | Open | Closed | Absent | Absent
4 72 M 25 Left 0.3 209 53 0 C3F8 | Closed | Closed | Absent | Absent
5 76 M Left 0.3 223 41 0.18 C3F8 | Closed | Closed | Absent | Absent
6 56 F Left 0.48 187 2 0 SF6 | Closed | Closed | Present | Present
7 59 F 18 Left 0.6 194 15 0.3 SF6 | Closed | Closed | Present | Present
8 74 F 52 Left 0.78 128 12 0.6 SF6 | Closed | Closed | Absent | Present
9 63 M 9 Left 0.6 248 10 0.3 SF6 | Open | Closed | Absent | Present
10 54 F 9 Left 0.6 131 30 0 SF6 | Open | Closed | Present | Present
11 70 F 8 Right 0.3 238 7 0.18 SF6 | Open | Closed | Absent | Present

Table 1: Demographics & post-pneumatic repair outcomes in stage 2 small-medium macular holes.
BCVA: best-corrected visual acuity; MH: full-thickness macular hole.

Discussion

Vitreomacular traction plays an important role in the
pathogenesis of idiopathic macular hole [1-3,32-34]. Early-
stage small macular holes are associated with a small rate of
spontaneous closure [7,35,36]. Despite its high success rates,
macular hole surgery may be associated with intraoperative
(retinal tears, lens touch, retinal hemorrhage) and
postoperative (acceleration of nuclear sclerosis, field defects,
retinal detachment) complications [6,7,9]. In addition,
peeling of internal limiting membrane may be associated
with reduced retinal sensitivity (on microperimetry), nerve
fiber layer trauma (swelling or dissociated nerve fiber
layer defects) and potential dye-related toxicity [37,38].
Enzymatic vitreolysis with Ocriplasmin, albeit carrying
a lower success rate than vitrectomy, may provide an
alternative for patients who have overriding travel needs
that preclude a gas injection; or who prefer to avoid cataract
surgery. However, its lower success rate and high cost limit
the cost-effectiveness as compared to surgical vitrectomy
in treatment of vitreomacular adhesions and macular holes
[39,40]. Studies exploring the utility of intravitreal injection
of expansile gas in the treatment of stage 2 macular holes
demonstrated its safety and efficacy [16-29]. Both C3F8
and SF6 in volumes of 0.2-0.5cc have been used to induce
a separation of vitreofoveal traction with few side effects
[11-13]. However, recent studies have used C3F8 almost
universally [19-25], most likely because of its greater bang
for buck value: a wider arc of contact with a lower volume
of injection. This is especially useful in myopic eyes, where
an early dissolution of gas could cause treatment failure.
Han, et al. in fact extended the prone positioning for another
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week with C3F8 if the macular hole didn’t close within a
week [25]. This strategy is not possible with SF6 and thus
may contribute to its lesser efficacy in inducing VMT release
[26]. However, a recent DRCR Net trial was aborted because
of an unacceptably high rate of complications (14% RD)
with C3F8 injection, notwithstanding a modest success rate
(29%) in very small (average diameter: 791) macular holes
[24]. Notably, they didn’t mention preoperative prophylaxis
for retinal degenerations, and paracentesis was optional. We
chose the gases according to axial length and obtained a high
successrate of 67% (75%; ifwe discount the late re-opening of
closed macular hole, which can occur even after vitrectomy).
However, we didn’t suffer the same complications, especially
RD [24,25], probably because of careful inspection and
prophylactic treatment of any peripheral lesions before gas
injection. This precaution saved a certain RD in a myopic eye
where retinal tears developed within already well-barraged
lattices. The advice to maintain facedown positioning was
short-term (3-7 days) and liberal (as much as patients could
comfortably manage). The rapid release of VMT within
hours or days also suggests a mechanical separation rather
than vitreolysis, a term commonly used in recent literature.
It can be implied that macular hole closure isa consequence
of vitreofoveal traction release and not dependent on the
contact of gas bubble to the posterior pole.

Despite this undemanding approach, two-thirds of
the patients expected to undergo vitrectomy could avoid
undergoing macular hole surgery. The final post-vitrectomy
BCVA of one-third persistent FTMH was not statistically
different from those which closed after the pneumatic
procedure. On OCT, we found no association between the
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ellipsoid band and myoid band integrity with postoperative
anatomical or functional outcomes. Admittedly, distant
visual acuity is a poor indicator of macular function.
Patient quality of life measures and microperimetry study
along with analysis of outer retinal structures are likely to
provide a more accurate structure-function correlation.
Advantages of a pneumatic approach to stage 2 macular
hole include simplicity of procedure, enhanced patient
comfort, easy accessibility, relative inexpensiveness, and
lack of unfavorable effect on the subsequent macular hole
surgery. Furthermore, its relative non-invasiveness expands
treatment indications for patients with very small FTMH
and better BCVA, especially those unfit or unwilling for
primary vitrectomy. The limitations of this study include its
retrospective design, absence of control group, small number
of patients and variable follow-up. Nevertheless, this is the
first study to titrate the use and concentration of short- and
long-acting gases in small-medium sized macular holes and
obtain excellent visual and anatomical outcomes employing
a simple, inexpensive, non-invasive procedure with minimal
complications.
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