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Purpose: To assess the surgical success rates of modern macular hole repair with
elimination of face down positioning.
Methods: A review of data for 72 eyes (from 102 consecutive cases) with idiopathic
macular holes treated surgically between 1998 and 2004 was performed. Exclusion criteria
consisted of macular hole for ⬎1 year or of unknown duration and macular holes from
secondary causes. All patients were evaluated and surgically managed by one surgeon
(R.T.).
Results: Average preoperative best spectacle corrected visual acuity (BSCVA) was
20/170 (6/51). Six patients had a grade II hole, 60 patients had a grade III hole, and 6
patients, had a grade IV hole. Anatomical success was achieved in 92% of cases with 1
operation, and the average postoperative BSCVA was 20/46 (6/14). Six patients required
additional surgical management to achieve anatomical success with an average postoperative BSCVA of 20/55 (6/16.5). The postoperative BSCVA improved an average of 5.7
lines from baseline.
Conclusion: Favorable anatomical and BSCVA outcomes were achieved with the
elimination of face down positioning in the postoperative period. Additional benefits are an
increase in patient acceptance and compliance and the number of patients eligible for the
procedure.
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Wendel2 in 1991. A subsequent follow-up study by
Wendel et al3 on 170 eyes saw an increased closure
rate of 73%. Their technique involved pars plana
vitrectomy, removal of the posterior perifoveal cortical vitreous, epiretinal membranectomy (when
present), and gas–fluid exchange. At least 1 week of
strict occiput up postoperative positioning was used in
their series. With the recent introduction of internal
limiting membranectomy, with theoretical release of
all posterior cortical vitreous traction vectors, we have
begun to question the optimal length of postoperative
positioning while maintaining current surgical success
rates.
Recently, Park et al4 reported a 91% closure rate
using internal limiting membranectomy and 4-day
prone postoperative positioning. Reports of other
studies, with small sample sizes, using internal limiting membranectomy in their surgical procedure dis-

ith the advancement of our understanding of
idiopathic macular hole pathogenesis, a previously untreatable disease has become increasingly
amenable to surgical repair. Despite our advances,
many questions still remain unanswered regarding patient selection, predictors of outcome, optimal surgical
technique, and postoperative measures.
Significant interest and excitement arose in 1988
when Gass1 proposed his hypothesis on the pathogenesis of idiopathic macular holes, staging criteria, and
guidelines for feasibility studies. Closure rates of 58%
were seen in the initial pilot study by Kelly and
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closed no appreciable difference in surgical closure
and postoperative visual acuity between 2 weeks, 1
week, 4 days, and 1 day of prone positioning.4 – 8
Despite these studies, many patients are asked to assume a supine position for 1 week to 3 weeks postoperatively. We present a retrospective case series of
72 eyes whereby patients were restricted only from
lying supine for a period of 24 hours. They were not
required to assume any face down positioning in the
postoperative period.
Patients and Methods
This series included 98 consecutive patients (102
eyes) with idiopathic macular holes that were surgically managed from March 1998 to February 2004.
All patients were evaluated and managed by one surgeon (R.T.). Exclusion criteria consisted of macular
holes for ⬎1 year or of unknown duration, macular
holes from secondary causes (trauma, chronic cystoid
macular edema, myopia, etc), prior attempts at surgical repair, and incomplete patient data. Thirty eyes (28
patients) met exclusion criteria. Twenty-four eyes had
chronic macular holes for ⬎1 year or of unknown
duration, one eye developed a macular hole secondary
to chronic diabetic macular edema, and five eyes
lacked postoperative visual acuity data.
A chart review was conducted for the remaining 72
eyes of 70 patients. Questionnaires were sent to all
referring ophthalmologists and optometrists concerning the immediate preoperative best spectacle corrected visual acuity (BSCVA) and the BSCVA
achieved during the first postoperative year for the 72
eyes included in the study.
The surgical procedure involved clear corneal cataract extraction and intraocular lens implantation in all
phakic patients before standard three-port pars plana
vitrectomy. Core vitrectomy followed by the surgical
creation of a posterior hyaloid detachment was performed on all eyes. Scleral depression for 360° was
used to cut vitreous toward the peripheral base.
“Wide” internal limiting membrane (ILM) peeling
was then performed in all cases as follows (Fig. 1).
Intraocular forceps were used to engage and peel any
epiretinal membrane over the macular region with
intraocular forceps. A tiny ILM flap was then created
with the intraocular forceps. ILM peeling was then
typically continued by engaging the flap with a blunt
membrane pick. The pick was swept with side-to-side
movements toward the macular hole. The ILM was
then released 360° around the macular hole. Next, the
ILM was removed with intraocular forceps. Normally,
ILM peeling extended nasally to the optic nerve, inferiorly to the arcades, and then ⬇2 disk diameters

Fig. 1. “Wide” internal limiting membrane (ILM) peeling. The ILM is
engaged just within the superotemporal arcade, superior to the macular
hole. The ILM is peeled temporally approximately twice the disk–fovea
distance, inferiorly just within the arcades, and nasally toward the optic
nerve and finally completed superiorly.

temporal to the macular hole. In those cases where a
pick was not able to identify a clean plane between the
ILM and the underlying retina, ILM peeling was completed by grasping the ILM flap with forceps and
peeling the ILM in a “capsulorhexis” fashion. ILM
peeling was performed without the aid of indocyanine
green dye or triamcinolone acetonide. Immediately
after ILM peeling, the retinal surface was observed to
be whiter. Small retinal hemorrhages were typically
seen throughout the macular region.
The peripheral retina was then examined with 360° of
scleral depression, and any induced peripheral retinal
tears were treated prophylactically with argon laser photocoagulation or cryotherapy. Air–fluid exchange was
performed, and double-filtered 12% C3F8 was injected.
The patient was instructed only to avoid supine positioning for the first 24 hours. Apart from this, there were no
restrictions in positioning. Patients were advised that
face down positioning was not required.
All cases of persistence or recurrence of macular
holes were managed with repeated injection of 12%
C3F8 and subsequent face down positioning for 24
hours postoperatively. After this period, there were no
restrictions on patient positioning.
Results
Chart review of 102 consecutive cases (102 eyes of
98 patients) revealed 30 eyes that were not eligible for
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Table 1. Background Data
Average age (y)
Age range (y)
Males, no.
Females, no.
Right eyes, no.
Left eyes, no.
Average time (d) to closure
Ophthalmology referral, no.
Optometry referral, no.

72
46–82
23
49
45
27
63
20
52

the study: 24 had chronic macular holes for ⬎1 year or
of unknown duration, 1 developed a macular hole
secondary to chronic diabetic macular edema, and 5
lacked postoperative visual acuity data. Of the five
eyes with incomplete data, four were closed with one
procedure, and one required further surgical management for anatomical success. The following results are
for the remaining 72 eyes of 70 patients.
Demographic data for patients meeting eligibility
criteria are listed in Table 1. Fifty-six eyes underwent
combined phacoemulsification with clear corneal cataract extraction and macular hole repair. The average
duration from confirmation of the diagnosis to surgery
was 63 days. The average preoperative BSCVA was
20/84 (6/25), 20/175 (6/53), and 20/262 (6/78) for
grade II, grade III, and grade IV macular holes, respectively. The combined preoperative BSCVA was
20/170 (6/51). Six patients had a grade II hole, 60
patients had a grade III hole, and 6 patients had grade
IV hole consistent with Gass’ classification scheme.
Anatomical success was achieved in 92% (66 of 72)
of eyes with 1 operation and in 100% with additional
surgery. The average postoperative BSCVA (after anatomical success) was 20/34 (6/10) for grade II, 20/45
(6/14) for grade III, and 20/74 (6/22) for grade IV
macular holes. The average postoperative BSCVA for
all patients was 20/46 (6/14). Five of six patients had
anatomical closure after further management with an
average postoperative BSCVA of 20/56 (6/17). One
patient required a third procedure for anatomical success and had a postoperative BSCVA of 20/50 (6/15).
All patients who did not have anatomical success with
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one operation had grade III macular holes at baseline.
The average postoperative improvement in BSCVA
from baseline for all patients was 5.7 lines. Two
patients saw no benefit in postoperative visual acuity.
No patient lost visual acuity from baseline. No appreciable baseline or postoperative differences were
found between patients undergoing combined cataract
extraction and macular hole repair and those undergoing isolated macular hole repair (Table 2).
Two patients sustained multiple small inferior retinal tears intraoperatively and were treated with a
scleral buckling procedure using a number 240 encircling band at the time of the primary operation. The
postoperative BSCVA was 20/30 (6/9) and 20/40 (6/
12) in these two patients. No further surgery was
required in either patient.
Intraoperatively, no macular tears were encountered
during ILM peeling. It was common to encounter
intraretinal perimacular hemorrhages during the procedure, but all resolved rapidly in the early postoperative phase with no appreciable sequelae.
Discussion
Careful observational work by Gass1 from 1988
onward led to his hypothesis of tangential traction of
the premacular cortical vitreous in macular hole development. He theorized that tangential traction on the
macula led to foveal detachment, retinal thinning, and
the formation of an operculum that enlarged by the
centrifugal retraction of retinal receptors.9 Controversy exists regarding the etiology of the tangential
traction force, but fluid movements in the premacular
liquefied vitreous pocket may play a key role in premacular cortical vitreous shrinkage and/or remodeling.10 Histopathologic examination of vitrectomy
specimens discloses native vitreous collagen with rare
fragments of ILM. Most specimens lack photoreceptor
elements, further supporting this hypothesis.11 Optical
coherence tomographic data have also provided evidence of perifoveal hyaloid detachment and vitreofoveal traction early in macular hole development. In
addition, a potential role for anteroposterior traction
vectors in the initiation of macular holes with disrup-

Table 2. Baseline and Postoperative VA Results According to Macular Hole Grade and Surgical Procedure Performed
No. of Eyes, Preoperative VA
Grade

CE-MHR

II
III
IV

6, 20/84 (6/25)
45, 20/169 (6/51)
5, 20/276 (6/83)

MHR
—
15, 20/193 (6/58)
1, 20/200 (6/60)

No. of Eyes, Postoperative VA
CE-MHR
6, 20/34 (6/10)
45, 20/71 (6/21)
5, 20/73 (6/22)

MHR
—
15, 20/39 (6/12)
1, 20/80 (6/24)

VA, visual acuity; CE-MHR, combined clear corneal cataract extraction and macular hole repair; MHR, macular hole repair.
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tion and opening of the foveal floor to create fullthickness macular holes has been demonstrated in
some studies.12–15
The initial pilot study by Kelly and Wendel2 stirred
great interest in the vitreoretinal community regarding
the possibility for surgical management of this entity.
With initial anatomical success rates of 58%, much
effort was directed toward adjuvants to help seal the
macular defect and improve anatomical success.16 –24
Subsequent experience revealed internal limiting
membranectomy to offer similar if not improved results without the need for adjuvants.
The optimal postoperative management for patients
after modern macular hole repair is not known. Postoperative face down positioning has been considered
important for surgical success.2,16 –24 The role of postoperative face down positioning is to maintain contact
of the gas bubble against the macular hole, therefore
promoting closure. With ILM peeling and the release
of all posterior cortical vitreous traction vectors, we
have begun to question the optimal length of postoperative positioning. Our patients were only limited to
nonsupine positioning during the first 24 hours postoperatively, and despite this minimal positioning restriction, our outcomes compare favorably with the
anatomical closure rates and postoperative BSCVA
reported in the literature.
Thirty cases (28 patients) in this series met exclusion criteria. Twenty-four cases were excluded secondary to macular holes for ⬎1 year. Because initial
success rates seem dependent on the duration of the
macular defect,3,25 we believe that macular holes of
longer duration would require separate investigation.
Cases of macular holes of unknown duration were also
excluded in our study. Although some of these patients may represent recent-onset macular holes, it was
impossible to discern these patients from the binocular
patients with chronic macular holes who only became
acutely symptomatic when the dominant eye was covered. Finally, despite all attempts at collecting patient
information, five cases lacked postoperative visual
acuity data. Fortunately, the anatomical success data
were available, with four of the five macular holes
closed with one procedure and one requiring a second
procedure for anatomical success. These cases were
excluded from the statistical analysis in this series.
Combined cataract surgery and macular hole repair
was performed on all phakic patients (n ⫽ 56) in our
series. The incidence of postoperative cataract progression after macular hole repair has been reported to
be as high as 80% at 6 months postoperatively.26 We
thought that the combined procedure was most beneficial to the patient because of the high incidence of
postoperative visually significant cataracts, delay in
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visual rehabilitation for most patients, morbidity of a
second procedure, and potential reopening of the macular hole with cataract surgery.
Continued visual improvement has been observed
in patients with successful macular hole repair beyond
1 year postoperatively.27 Much of the initial improvement is likely due to the management of subsequent
cataract formation and/or posterior capsule opacification. The continued visual improvement has been
demonstrated by scanning laser ophthalmoscopic testing. Hypothesized mechanisms include regenerative
capabilities of the central nervous system, Stiles–
Crawford effect, and continued centripetal repositioning of retinal photoreceptors.28 In this study, the peak
BSCVA during the first postoperative year was used
as our main outcome to allow for improved macular
function and avoid the temporary effects of posterior
capsule opacification.
We believe that the high surgical success rate demonstrated in our series, despite limited positioning
requirements and a predominance of grade III macular
holes, was likely due to the surgical technique (wide
ILM peeling with intraocular gas tamponade) and
limited duration of the macular hole. Limitations of
our study include small numbers, lack of a comparison
group, and data limited to a single surgeon. A final
limitation was the selection of a long-acting gas (12%
C3F8) as our tamponade agent during this series, resulting in a prolonged rehabilitation period for the
patient. With the favorable results of this study, we
hope to look at alternative tamponade agents such as
5% C3F8, SF6, or air to reduce postoperative morbidity in the future.
In conclusion, favorable results in surgical success
rates and visual outcomes were achieved with the
elimination of face down positioning. The benefits are
faster postoperative rehabilitation and return to work,
increased number of patients eligible for surgery, as
well as improved patient acceptance of the procedure.29
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