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Purpose: To objectively evaluate patients’ compliance with a nonsupine positioning
(NSP) regimen after macular hole surgery and to investigate whether supine positioning
time during the first postoperative nights is reduced when a tennis ball is mounted onto the
back of the nightshirt.

Methods: A “position monitoring device” capable of recording the time the head is kept
in a supine position was attached to the patient’s forehead. In a randomized, controlled,
crossover study, the accumulated time each patient spent in a supine position was re-
corded during two consecutive postoperative nights, both when the “tennis ball technique”
(TBT) was used and when it was not, respectively.

Results: The study included 40 participants. A mean supine time of 14 minutes and 47
seconds was registered with the NSP regimen. When applying the TBT, the mean supine
time was significantly reduced to 4 minutes and 24 seconds (P = 0.01). Seven “noncom-
pliant” participants with .30 minutes supine time without TBT had the most marked
reduction in supine time from a mean of 63 minutes and 2 seconds, to 3 minutes and 46
seconds, with TBT (P = 0.02).

Conclusion: During an NSP regimen, patients generally maintain a high level of
compliance after macular hole surgery. The TBT further improves their compliance
significantly.
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In full-thickness macular hole (FTMH) surgery, major
attention has been paid to the postoperative position-

ing. In the first decades after the introduction of FTMH
surgery with pars plana vitrectomy (PPV) and gas
tamponade, strict face-down positioning (FDP) was
advocated during the early postoperative weeks.1

However, FDP remains of unproven benefit,2,3 and
several studies have reported favorable closure rates
of FTMH without FDP.4–7 Recently, we reported no
statistically significant difference in the closure rates
between patients who applied strict FDP, versus

patients whose only restriction was to avoid upward
gaze and supine sleeping position.8 In the latter regi-
men, which we termed nonsupine positioning (NSP),
we also used the so-called “tennis ball technique”
(TBT). This technique is intended to improve the pa-
tients’ compliance by fastening a tennis ball to the
back of their nightshirt.9 It is essential to avoid the
supine position in the early postoperative period.
To the best of our knowledge, only two studies have

objectively investigated postoperative head position-
ing after FTMH surgery by means of a positioning
monitoring device.10,11 Verma et al10 used an elec-
tronic device placed in an earpiece equipped with
a mercury switch triggered by the angle of tilt. In the
setting of an FDP regimen, they found that patients
spent, on average, only 38% of the time with their
heads facing down. Not surprisingly, it was most dif-
ficult to maintain the correct postoperative head posi-
tioning between midnight and early morning. It is
unlikely that sleeping patients can maintain an ideal
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head position, as they inadvertently may position
themselves supine. Recently, Leitritz et al11 published
a pilot study using a gravity- and tilt-compensated
sensor, with data-logging function, to measure head
positioning after FTMH surgery, based on the recom-
mendation of FDP. Their key finding was that the
patients, on average, remained compliant to FDP for
only 17% to 18% of the time, during a postoperative
period of 24 hours. The aims of this study were to
objectively evaluate the postoperative sleeping posi-
tion in the setting of NSP and to determine the impact
of the TBT on the positioning compliance.

Materials and Methods

This prospective, randomized, controlled, crossover
trial was conducted at the Departments of Ophthal-
mology at Stavanger University Hospital and Hauke-
land University Hospital, between October 2013 and
November 2014. The inclusion criteria were maculo-
pathies treated with pars plana vitrectomy, followed by
intraocular gas tamponade, that is, FTMH and con-
ditions such as vitreomacular traction, lamellar mac-
ular hole, and epiretinal membrane, in which
postoperative FTMH formation is a risk. The exclu-
sion criteria were patients aged less than 18 years,
conditions that could hinder the patients from main-
taining their normal sleeping position, and inability to
understand or sign the informed consent form. The
maculopathies were classified according to the
recently published classification system of the Inter-
national Vitreomacular Traction Study Group.12 A
meaningful power analysis was not possible because
of the absence of data on NSP compliance in the lit-
erature. The sample size of 40 participants was there-
fore a result of practical considerations.
The study was registered and approved by The

Regional Committee for Medical and Health Research

Ethics, South-East Norway, and followed the official
ethical regulations for clinical research and the Decla-
ration of Helsinki. The Clinical Trials Identifier for the
study was NCT02011165. All patients gave their written
informed consent before participating in the study.

Instrumentation and the Tennis Ball Technique

A head-mounted position monitoring device (PMD)
was specifically developed for this study. The device
has a sensor, or tilt switch, of the rolling ball
type (RBS070310; OncQue Corporation, Taichung,
Taiwan), which is electrically connected to a battery
and a small, analog watch with a second hand
(TW58834A-BA; Club, F. E. Rasmussen AS, Oslo,
Norway). These components are mounted inside a box
(made of black thermoplastic material) with a partially
transparent cover, enabling us to see the watch, and read
the exact time. The outer dimensions of the box are
8.5 cm · 4.5 cm · 2.5 cm, with a curved rear side to
allow comfortable placement of the PMD on the pa-
tients’ forehead (Figure 1, A and B). A 25-mm wide
adhesive medical tape (3M Durapore; 3M Center, St
Paul, MN, USA) is used to attach and secure the device
(Figure 2A). The key component of the PMD is the tilt
switch, which is placed centrally within the box corre-
sponding to the patient’s glabellar region. Once the
switch is in the upright position, it will be in a conductive
“on” state. When it is tilted more than approximately
45° to any direction (in a full 360° circle), the switch
will be in a nonconductive “off” state. Thus, the tilt
switch will start the watch when the head of the patient
is in the supine position and will stop the watch when
the head is turned beyond 45° to either side. In this way,
the PMD records the accumulated time the patient has
kept the head in supine or near-supine position.
To prevent the patients from sleeping in the supine

position, an ordinary tennis ball was attached to the
back of a t-shirt by means of a rubber band. The ball

Fig. 1. A. Front view and (B)
rear view of the head position–
monitoring device.
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should be placed in the middle of the patient’s back,
between the shoulder blades, and the shirt has to be
rather tight to ensure the location of the tennis ball
(Figure 2B).

Procedures

A postoperative NSP regimen was applied, which
means that the patients were instructed to maintain
their daily activities, but to avoid upward gaze and
a supine sleeping position at any time. Each study
participant had to wear the PMD on the ward for 12
hours, from 9.00 PM until 9.00 AM, for 2 consecutive
nights after surgery. They were assigned to two groups
using a restricted randomization technique. One night
the patients were assigned to the TBT, that is, they had
to wear a nightshirt with a tennis ball fastened to the
back, whereas no specific arrangements were made for
the other night. The TBT was randomized to either the
first or the second postoperative night. When the PMD
was removed from the patient’s forehead in the morn-
ing, the total duration of supine positioning was cal-
culated by determining the exact time difference
between the 9.00 PM and 9.00 AM readings.
In addition to these objective data, scoring forms

and questionnaires were used to collect some baseline
and endpoint parameters. Before surgery, and based on
a purely subjective evaluation of the patients’ behavior
and response during the clinical examination, the
investigator scored the expected patient compliance

regarding the forthcoming postoperative positioning
on a 4-point scale (0 = no compliance; 3 = very high
rate of compliance). The patient’s preferred sleeping
position (lying on the right side, left side, either side
alternately, back, or stomach) was also registered.
After the second postoperative night, the patients
scored the degree of discomfort on a 4-point scale
(0 = no discomfort; 3 = severe discomfort) caused
by the PMD and the TBT, respectively.

Statistical Analysis

Comparisons between groups were made using the
Mann–Whitney U test for continuous variables. The
Wilcoxon signed-rank test was used to evaluate the
efficacy of the TBT. Spearman’s correlation was used
to evaluate the relationship between the investigators’
preoperative scoring of patient compliance, and the
patients’ actual compliance. Two-tailed P values
,0.05 were considered statistically significant. The
statistical analyses were made by IBM SPSS statistics,
software version 21.0 (SPSS, Inc, Chicago, IL).

Results

Forty-three patients were assigned to the study. In
two patients, the PMD was displaced during sleep, and
a third patient decided to withdraw from the study after
the first night. Thus, the final study population
included 40 patients (15 men and 25 women). The

Fig. 2. A. Head position–mon-
itoring device attached to the
patient’s forehead with medical
tape. B. Patient demonstrating
the tennis ball technique by
wearing a t-shirt with a tennis
ball attached to the back, by
means of a rubber band.
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mean age at the time of surgery was 70.6 years (SD =
6.8 years). Demographic and baseline characteristics
are presented in Table 1.
During the night without the use of the TBT, a mean

supine time of 14 minutes and 47 seconds (SD =
27:02) was registered, showing compliance to the
NSP regimen for 97.9% of the time. When applying
the TBT, the mean supine time was reduced to 4 mi-
nutes and 24 seconds (SD = 9:28), which means that
the patients remained compliant to the NSP regimen
for 99.4% of the time. The mean reduction in supine
positioning time by the TBT regimen of 10 minutes
and 23 seconds (SD = 28:33) was statistically signif-
icant (P = 0.01) (Figure 3). Median time in supine
position during the night with TBT was 26 seconds
(range, 00:00:00–00:42:15), compared with 2 minutes
and 20 seconds (range, 00:00:00–01:53:46) during the
night without any specific arrangement.
The patients were categorized into 3 different levels

of compliance: as “compliant,” with less than 1 minute
in a supine position; as “moderately compliant,” with
1 minute to 30 minutes in a supine position; and as
“noncompliant,”with more than 30 minutes in a supine
position. Without TBT, 17 patients (42.5%) were cat-
egorized as “compliant,” and the number increased to
25 (62.5%) with TBT. Sixteen patients (40.0%) with-
out TBT were categorized as “moderately compliant,”
and the number decreased to 13 (32.5%) with TBT.
Seven patients (17.5%) were categorized as “noncom-
pliant” without TBT, and the number decreased to 2
(5.0%) with TBT (Figure 4).
In the subgroup of patients classified as “noncom-

pliant” without TBT, the supine time decreased

significantly, from a mean of 63 minutes and 2 seconds
(SD = 34:33) to a mean of 3 minutes and 46 seconds
(SD = 06:34) with TBT (P = 0.02). The supine time in
the “moderately compliant” patients decreased signifi-
cantly from a mean of 9 minutes and 3 seconds (SD =
7:59) without TBT, to a mean of 5 minutes and 59
seconds (SD = 11:02) with TBT (P = 0.03). Finally,
the supine time in the “compliant” patients without
TBT showed no significant change in supine time from
a mean of 20 seconds (SD = 00:16) to a mean of
3 minutes and 10 seconds (SD = 09:08) using TBT
(P = 0.61).

Table 1. Demographic and Baseline Characteristics

Age, mean (SD), years 70.6 (6.8)
Sex, male/female 15/25
Indication for surgery, n = 40
Primary FTMH,* n (%) 29 (72.5)
ERM,† n (%) 4 (10.0)
Lamellar MH,‡ n (%) 2 (5.0)
Macular pseudohole, n (%) 2 (5.0)
Secondary FTMH, post-RD,§ n (%) 2 (5.0)
VMT,¶ n (%) 1 (2.5)

Subgroup of primary FTMH with duration less
than 36 months, n = 27
Small FTMH ,250 mm, n (%) 2 (7.4)
Medium FTMH $250 mm and ,400 mm,
n (%)

7 (25.9)

Large FTMH $400 mm, n (%) 18 (66.7)
VMT, n (%) 9 (33.3)
Mean FTMH diameter, mm (SD) 461 (138)

*Full-thickness macular hole.
†Epiretinal membrane.
‡Macular hole.
§Retinal detachment.
¶Vitreomacular traction.

Fig. 3. Box plot of patients’ supine positioning time, with and without
the use of the tennis ball technique. A line inside the box indicates the
median. The length of the box is the interquartile range (IQR). Values
more than 1.5 IQR’s but less than 3 IQR’s from the end of the box are
labeled as outliers (o). Values more than 3 IQR’s from the end of the
box are labeled as extreme, denoted with an asterisk (*).

Fig. 4. Number of patients categorized into three different levels of
compliance, with and without the use of the tennis ball technique.
Compliant: less than 1 minute in a supine position. Moderately com-
pliant: 1 minute to 30 minutes in a supine position. Noncompliant: more
than 30 minutes in a supine position.
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During the first postoperative night, the patients
were positioned supine for a mean of 8 minutes and 40
seconds (SD = 19:45), compared with 10 minutes and
31 seconds (SD = 21:59) during the second postoper-
ative night (P = 0.86).
The investigators’ preoperative scoring of patient

compliance on the 4-point scale did not correlate sig-
nificantly with the patients’ actual compliance (with-
out TBT) (r = −0.29, P = 0.07).
Twenty-seven participants had a diagnosis of pri-

mary FTMH, with a duration of less than 36 months.
They all underwent vitrectomy with complete internal
limiting membrane peeling after staining with brilliant
blue G (Brilliant Peel; Fluoron GmbH, Ulm, Germany).
In this group, 25 patients (92.6%) achieved primary
FTMH closure. During the first night after surgery,
the 2 patients with primary failure had a supine time
of 42 minutes and 15 seconds and 16 minutes and
11 seconds, respectively, whereas the mean supine
time among the patients with primary closed FTMH
was 8 minutes and 30 seconds (SD = 22:52). The
FTMH diameter in the 2 patients with primary failures
was 533 mm and 699 mm, respectively, whereas the
mean diameter of the primary closed MH was 448 mm
(SD = 134 mm).
In the questionnaires, the patients were asked to

indicate their preferred sleeping position. Thirty-seven
patients (92.5%) preferred to sleep in a side position,
whereas only 2 (5%) preferred the supine, and 1
(2.5%) preferred the face-down position. The tolera-
bility of PMD and the TBT, explored using a 4-point
scale, showed a mean score of 0.25 (SD = 0.49) and
0.65 (SD = 0.66) for TBT and PMD, respectively,
which indicated that both were well tolerated.

Discussion

Today the discussion of postoperative positioning
after FTMH surgery has come down to the question:
How much of a “safety margin” is necessary to protect
the closing FTMH against the residual intraocular
fluid, without compromising the closure rate? The
safety margin is maximized with strict FDP, as the
FTMH then has the longest possible distance to the
residual intraocular fluid. Increasing evidence supports
the view that the large safety margin of FDP is not
needed to obtain high closure rates.5–8 Just avoiding
the supine position by following the NSP regimen
during the early postoperative phase seems to be suf-
ficient. In this setting, the patients are allowed to walk
around, sit, and sleep on either side, as the small
amount of intraocular fluid is located inferior to the
FTMH. However, the sloshing of residual intraocular

fluid causes shear forces that may inhibit the nascent
bridging of the FTMH.13 Tornambe14 proposes the
importance of keeping the macula dry, and thereby
allowing the retinal pigment epithelium to remove in-
tramacular fluid. As the swelling resolves, the edges of
the FTMH fuse, and the defect closes after 3 hours to 3
days.15,16 Consequently, the early avoidance of the
supine position is essential to achieve FTMH closure.
For 99.4% and 97.9% of the time, patients remained

compliant with the NSP regimen with and without
TBT, respectively. Such high compliance rates are
reasonable as 92.5% of the participants preferred to
sleep in a side position. However, as shown by Verma
et al and Leitritz et al, it is much more challenging to
maintain a high compliance with the FDP regimen.10,11

Their participants were compliant with FDP for only
38%, and 17% to 18% of the time, respectively.
Although an NSP regimen is sufficient for macular
hole closure, FDP may be needed after other types of
vitreoretinal surgery such as retinal detachment repair
with intraocular gas or silicone oil tamponade. Then,
the TBT can be modified by attaching two or three
tennis balls to the back of the patient’s nightshirt.
Previous studies debating the necessity of post-

operative FDP have not been based on objective
registrations of patient compliance. This study dem-
onstrates that after FTMH surgery, patients spend
significantly less time in the supine position during the
night when TBT is applied, compared with the night
when this technique was not used (P = 0.01). Thus, the
TBT should be recommended if a supine position is
considered potentially harmful to the patient.
We observed distinct, individual differences in the

patients’ general positioning compliance and the effect
of the TBT. The “noncompliant” patients with more
than 30 minutes in the supine position reduced their
supine time significantly using TBT. Those were the
ones who benefitted most from the TBT regimen. The
“moderately compliant” patients, with 1 minutes to
30 minutes in the supine position, also reduced their
supine time significantly when applying the TBT. As
expected, the already “compliant” patients with less
than 1 minute supine positioning without TBT did
not improve the compliance significantly using TBT.
It would have been helpful if the vitreoretinal surgeons

were able to predict the patients’ compliance regarding
the forthcoming postoperative positioning. The investi-
gators’ preoperative scoring showed a weak, but not
significant, correlation with the actual compliance.
Therefore, such subjective assessments are not reliable.
The main strength of this study is its design as

a prospective, randomized, controlled, crossover trial.
A limitation is the construction of the PMD, which
only records the accumulated time the patient has kept
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the head in a supine position. Thus, whether the
measured supine time is the sum of many short or
a few longer supine periods remains unknown. To
answer this question, a position sensor with near-
continuous logging of the head position is necessary.
Among the primary FTMH with a duration of less

than 36 months, the closure rate of 92.6% is in
accordance with previous studies of NSP.5–8 Although
the two failures were characterized by relatively large
macular hole diameters, it is tempting to speculate that
the surgical outcome may have been influenced by
longer periods of supine positioning during the first
postoperative night. However, a sufficiently powered,
prospective study is needed to investigate the relation-
ship between supine time and closure rate. A PMD,
such as the one described in this study, can be used to
explore the effects of postoperative positioning on the
outcome of FTMH surgery.

Key words: face-down positioning, macular hole,
prone positioning, retina, vitrectomy, vitreoretinal
surgery.
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AIR TAMPONADE COMBINED WITH
NONSUPINE POSITIONING IN
MACULAR HOLE SURGERY FOR
PSEUDOPHAKIC EYES

VEGARD A. FORSAA, MD,*† JØRGEN KROHN, MD, PHD†‡

Purpose: To investigate the closure rate of primary full-thickness macular hole, following
intraocular air tamponade combined with a nonsupine positioning regimen.

Methods: A prospective study of patients with full-thickness macular hole, who
underwent pars plana vitrectomy with internal limiting membrane peeling and intraocular
air tamponade followed by 3 days of nonsupine positioning. Outcome measures were
primary full-thickness macular hole closure and improvement in best-corrected visual
acuity after 6 months.

Results: A total of 34 eyes were included. In the group of full-thickness macular hole#400
mm, primary closure occurred in 95% (19/20), whereas only 57% (8/14) of those .400
mm closed (P = 0.01). The mean gain in best-corrected visual acuity was 3.5 ETDRS
(Early Treatment Diabetic Retinopathy Study) lines (SD = 1.5) (P , 0.01). The air bubble
meniscus height at the first postoperative day was estimated to a mean of 59% (range,
50–70%), at the second postoperative day it was 46% (range, 40–55%), and the third day
it was 39% (range, 30–45%). Mean intraocular air bubble duration was 10 days (range,
8–13 days).

Conclusion: The combination of air tamponade and nonsupine positioning regimen
leads to high closure rates for small/medium macular holes (#400 mm), but not for large
macular holes (.400 mm).

RETINA 37:1750–1756, 2017

Ever since the introduction of macular hole surgery
in the early 1990s,1 the use of pars plana vitrec-

tomy followed by gas tamponade and face-down posi-
tioning (FDP) has been considered as the standard
treatment for full-thickness macular holes (FTMH).
The main effect of the gas bubble is to keep the mac-
ula dry and isolated from the vitreous fluid. This al-
lows the retinal pigment epithelium to absorb the
subfoveal fluid and reduce the intraretinal edema,
facilitating fusion of the retinal edges and sealing of
the FTMH.2

Both the FDP and the intraocular gas tamponade
contribute to patients’ discomfort. The necessity of
a postoperative FDP regimen is under continuing
debate, and several studies where FDP has been aban-
doned report closure rates above 90%.3–9 Recently, the
authors have shown that a nonsupine positioning
(NSP) regimen is sufficient to achieve high rates of
macular hole closure.5,10 In these studies, we also
introduced the so-called “tennis ball technique” by
fastening a tennis ball to the back of the patients’
nightshirt. This technique significantly improved the
patients’ compliance with the positioning require-
ments, such that the patients were adherent to the
NSP regimen 99% of the time.10

Intraocular gas tamponade has a duration of 4 weeks
to 8 weeks, depending on the type and concentration
of gas used. During this period, the patients were
restricted from driving and air travel. In addition, if
a patient requires surgery with general anesthesia,
nitrous oxide must not be used as long as intraocular
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gas or air is present.11 Air tamponade has a consider-
able shorter duration. In phakic eyes, the intraocular
half-life of air is shown to be 1.3 days.12 When a post-
operative FDP is applied, the air tamponade suffi-
ciently isolates the macula from the vitreous fluid,
and closure rates between 91% and 100% have been
achieved.13–17 To date, we have found 8 published
studies that have aimed to verify the FTMH closure
by optical coherence tomography (OCT) 24 hours
after surgery (Table 1).17–24 Pooled together, these
studies included 260 patients. In 163 of the cases
(63%), the macula could be reliably assessed by
OCT at 24 hours postoperatively, and this subset had
an FTMH closure rate of 82%. Consequently, in most
cases, the decisive morphologic process of FTMH clo-
sure takes place during the first 24 hours.
Compared with conventional FTMH surgery, the

use of intraocular air tamponade and an NSP regimen
reduces the patients’ burden in the postoperative
period. The main objective of this prospective study
was to investigate the FTMH closure rate when air
tamponade is combined with postoperative NSP in
macular hole surgery.

Materials and Methods

Study Design and Patients

The study was conducted at the Department of
Ophthalmology, Stavanger University Hospital, from
September 2012 to March 2016. It adhered to the tenets
of the Declaration of Helsinki and was performed after
approval by the Regional Committee for Medical and
Health Research Ethics, South East Norway. All
patients gave their written informed consent before
participating in the study. The study was registered at
ClinicalTrials.gov with the registration numbers
NCT01680068 and NCT02028481.
The study was planned to include a total of 50

patients, with an interim analysis being performed

after enrollment of 20 participants. This sample size
was based on practical considerations. The inclusion
criteria were primary FTMH with a duration of
symptoms of less than 36 months and pseudophakia.
Phakic patients were informed about the study and
asked to undergo a cataract operation before inclusion
in the study. The exclusion criteria were high myopia
($6 diopters), previous vitreoretinal surgery, ocular
trauma, and other diseases that affected visual func-
tion. The primary outcome measure was anatomical
closure of the FTMH, defined as complete closure of
the inner retinal layers assessed by spectral-domain
OCT (SD-OCT).

Ophthalmologic Examination and
Surgical Procedures

All patients underwent preoperative and postopera-
tive ophthalmic examinations including best-corrected
visual acuity (BCVA) using the Early Treatment
Diabetic Retinopathy Study (ETDRS) chart, expressed
as ETDRS letter score, measurement of intraocular
pressure (IOP) by Goldmann applanation tonometry,
slit-lamp biomicroscopy, indirect ophthalmoscopy,
and SD-OCT (Topcon 3D OCT 2000; Topcon Corp.,
Tokyo, Japan) imaging of the macula. The classifica-
tion of the FTMH was done according to the
International Vitreomacular Traction Study Group
classification.25 All surgeries were performed in retro-
bulbar anesthesia by the first author. The surgery con-
sisted of a standard 3-port 23-gauge pars plana
vitrectomy with triamcinolone-assisted induction of
posterior hyaloid separation. The peripheral vitreous
was removed as completely as possible without
peripheral indentation. Peeling of the internal limiting
membrane was assisted with brilliant blue G (ILM-
Blue; Dutch Ophthalmic Research Center, Zuidland,
the Netherlands). No additional manipulation of the
macular hole edges was done. Finally, a fluid–air
exchange was performed, which was completed by
keeping the soft-tip of the extrusion cannula at the

Table 1. Closure Rates of FTMH Confirmed 24 Hours After Surgery

n
OCT Verification at
24 Hours, n/N (%)

Closure Rate at
24 Hours, n/N (%) Tamponade Positioning

Jumper et al, 200018 14 5/14 (36) 3/5 (60) Silicone oil No FDP
Kasuga et al, 200019 7 4/7 (57) 4/4 (100) SF6 FDP
Eckardt et al, 200817 33 22/33 (67) 18/22 (82) Air FDP
Masuyama et al, 200820 16 13/16 (81) 10/13 (77) SF6 FDP
Gesser et al, 201021 112 54/112 (48) 48/54 (89) Air FDP
Sano et al, 201122 37 28/37 (76) 27/28 (96) Air, SF6, C3F8 FDP
Yamashita et al, 201323 21 21/21 (100) 12/21 (57) SF6 FDP
Kikushima et al, 201524 20 16/20 (80) 11/16 (69) SF6 FDP
Pooled data 260 163/260 (63) 133/163 (82) — —
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optic disc for a few seconds after the fluid removal.
After surgery, the patients followed an NSP regimen
for the first three postoperative days.5 With this
regimen, they were encouraged to maintain their
daily activities, as long as upward gaze and a supine
sleeping position were avoided at any time. The
patients were instructed to sleep on either side,
and it was pointed out that FDP was unnecessary.
To prevent the patients from sleeping in the supine
position, an ordinary tennis ball was attached to the
back of their nightshirt by means of a rubber
band.5,10

The patients were scheduled for daily postoperative
visits, which included SD-OCT imaging of the
macula, slit-lamp evaluation of the air bubble menis-
cus height, and detailed indirect ophthalmoscopy
until it was possible to determine the definite macular
hole status by serial SD-OCT scans through the
intraocular fluid. The air bubble meniscus height
was defined according to Thompson et al,26 as the
percentage of the vertical diameter of the eye; where
a meniscus level at the inferior limbus corresponds to
a 75% air bubble and a meniscus level at the superior
limbus corresponds to a 25% air bubble. To investi-
gate the intraocular air bubble duration, the patients
were asked to provide feedback either by phone or
text message as soon as they noticed that the air
bubble had completely resolved. The final follow-
up examination for the purpose of the study was
performed after 6 months from surgery.

Statistical Analysis

Comparisons between groups were made by Mann–
Whitney U test for continuous variables and by chi-
Square exact test or Fisher’s exact test for categorical
variables. Binary logistic regression was applied to eval-
uate the association between FTMH diameter and clo-
sure rate. Goodness of fit was verified with the Hosmer
and Lemeshow test. Wilcoxon signed rank test was used
to evaluate the efficacy of the treatment. Two-tailed P
,0.05 were considered statistically significant. The sta-
tistical analyses were made by IBM SPSS statistics, soft-
ware version 22.0 (SPSS Inc, Chicago, IL).

Results

Anatomical and Functional Outcomes

After inclusion of the first 20 patients, the planned
interim analysis was conducted. This analysis re-
vealed a closure rate following primary surgery of
70%. In the subgroup of patients with small and
medium FTMH (#400 mm), a closure rate of 100%
was found, whereas only 57% closure was recorded
in the subgroup of patients with large FTMH (.400
mm). It was therefore decided to stop the inclusion of
patients with FTMH larger than 400 mm, and to only
include FTMH equal to or smaller than 400 mm until
a total number of 20 patients were reached in this
subgroup. This resulted in a total number of 34

Table 2. Demographics, Baseline Characteristics, and Functional and Anatomical Results

FTMH,* mm

#400

.400 P#250 .250#400 P

Patients, n 6 14 20 14
Age, mean (SD), years 72 (9) 72 (5) 0.90 72 (6) 67 (9) 0.17
Gender, male/female 4/2 5/9 0.34 9/11 7/7 0.77
Mean FTMH diameter, mm (SD) 201 (35) 307 (37) ,0.01 276 (61) 612 (224) ,0.01
Duration of symptoms, months (SD) 8.8 (8.8) 4.7 (3.4) 0.27 6.0 (5.7) 7.1 (5.6) 0.62
ERM,† n (%) 2 (33) 8 (57) 0.63 10 (50) 7 (50) 1.00
VMT,‡ n (%) 4 (67) 5 (36) 0.34 9 (45) 8 (57) 0.49
Mean preoperative BCVA,§ ETDRS¶
letters (SD)

59 (12) 58 (5) 0.49 58 (7) 49 (5) ,0.01

Mean 6 month BCVA, ETDRS
letters (SD)

74 (12) 76 (7) 0.35 76 (9) 66 (8) ,0.01

Mean ETDRS line gain (SD) 3.0 (1.3) 3.6 (1.5) 0.35 3.5 (1.4) 3.5 (1.6) 0.59
2 $ ETDRS line gain, n (%) 6 (100) 13 (93) 1.00 19 (95) 12 (86) 0.55
3 $ ETDRS line gain, n (%) 3 (50) 12 (86) 0.13 15 (75) 12 (86) 0.67
Primary FTMH closure, n (%) 6 (100) 13 (93) 1.00 19 (95) 8 (57) 0.01

*Full-thickness macular hole.
†Epiretinal membrane.
‡Vitreomacular traction.
§Best corrected visual acuity.
¶Early Treatment of Diabetic Retinopathy Study.
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patients (16 men and 18 women) being included in
the study. The mean age at the time of surgery was 70
years (range, 47–83 years). The patients in the group
with small/medium FTMH had a mean hole diameter
of 276 mm (range, 152–352 mm), whereas the mean
hole diameter in the 14 patients with large FTMH was
612 mm (range, 412–1,072 mm). The demographic
and baseline characteristics of the participants are
presented in Table 2.
The mean follow-up time was 185 days (range,

165–203 days) and no patients were lost to follow-up.
The closure rates for the small/medium FTMH and the
large FTMH were 19/20 (95%) and 8/14 (57%),
respectively. The difference in closure rate between
the small/medium and large FTMH was statistical sig-
nificant (P = 0.01). Binary logistic regression revealed
a positive and significant relation between increasing
FTMH diameter and the event of nonclosure (P = 0.01)
with an odds ratio of 0.53 (CI 0.33–0.87) per 100-mm
increase in diameter. No cases of macular hole reopen-
ing occurred during the study period. At the 6-month
follow-up visit, the mean overall BCVA had improved
from 20/80 to 20/40, which was consistent with
a statistically significant mean gain of 3.5 (SD = 1.5)
ETDRS lines (P , 0.01). The mean ETDRS line gain
for the small/medium FTMH and the large FTMH were
3.5 (P , 0.01) and 3.5 (P , 0.01) ETDRS lines,
respectively (Figure 1). Overall, 31 of 34 patients
(91.2%) gained 2 or more ETDRS lines.

Patients with epiretinal membrane (n = 17) had
a closure rate of 77% and gained 3.6 ETDRS lines
compared with 82% (P = 0.67) and 3.4 ETDRS lines
(P = 0.66) for those with no epiretinal membrane.
Patients with vitreomacular traction (n = 17) had
a closure rate of 77% and gained 3.1 ETDRS lines
compared with 82% (P = 0.67) and 3.8 ETDRS lines
(P = 0.31) for those without vitreomacular traction.
The functional and anatomical results are summarized
in Table 2.
The first postoperative SD-OCT examinations of the

macular area were performed through air, but the final
SD-OCT imaging had to be performed through the
intraocular fluid to verify the status of the macula.
The assessment of SD-OCT images taken through the

Fig. 1. Preoperative and 6 months postoperative best-corrected visual
acuity (BCVA) in eyes with (black circles) and without (open circles)
primary closure of full-thickness macular hole.

Fig. 2. The SD-OCT image and fundus photograph of one of the study
patients taken at the third postoperative day, demonstrating the re-
maining air bubble and the high quality of the macular scan.
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aqueous humor were possible after a mean of 3.2 days
(range, 2–4 days), as the air bubble no longer inter-
fered with the optical axis of the eye (Figure 2). Two
patients with a slight intraocular hemorrhage preclud-
ing satisfactory SD-OCT imaging were excluded from
this calculation. Their macular status could be con-
firmed on Day 7 and 8 postoperatively.
Of the 7 patients whose FTMH did not close after

the primary surgery, 6 patients were directly subjected
to a repeated procedure, which consisted of a fluid–air
exchange followed by air–gas exchange with 30%
sulfur hexafluoride (SF6) and NSP for 5 postoperative
days. This procedure was performed on an average 4.5
days (range, 3–8 days) after the first operation. One
patient was not offered reoperation within the first
postoperative days. He had a flat and open FTMH
without any edema at the edges of the hole, which was
considered unsuitable for repeated surgery. After 1
month, however, intraretinal cysts occurred and the
patient was successfully retreated. Thus, all the 7 per-
sistent FTMH closed after 1 reoperation, so that a final
closure rate of 100% was achieved.
Complete FTMH closure of all the retinal layers,

without any subfoveal elevation or outer retinal defects,
was found in 22% patients (6/27) within the first
postoperative 8 days, in 55% (18/33) after 1 month,
and in 88% (30/34) after 6 months. In 9 patients (27%),
intraoperative iatrogenic retinal tears occurred, which
were all treated with endolaser photocoagulation. Post-
operatively, 2 patients (6%) experienced a small intra-
vitreal hemorrhage and 1 patient (3%) had a limited
choroidal hemorrhage and leakage of intraocular air.
One patient (3%) had a slight cystoid macular edema at
the last follow-up visit. No cases of retinal detachment

or other complications were observed during the
follow-up period.

Air Tamponade Duration and Intraocular Pressure

At the first postoperative day, the mean air bubble
meniscus height was 59% (range, 50–70%), at the
second postoperative day it was 46% (range, 40–
55%), and at the third postoperative day it was 39%
(range, 30–45%) (Figure 3). Twenty-one patients
(78%) with primary closed FTMH provided feedback
on the air bubble duration, and the mean duration of
the bubble was 10 days (range, 8–13 days). The
patient who experienced some air leakage from the
eye was excluded from this analysis.
The mean preoperative IOP was 12.5 mmHg (SD =

3.3). Twenty-four hours after the primary surgery, the
mean IOP was 9.5 mmHg (SD = 4.1), on the second
postoperative day it was 10.0 mmHg (SD = 3.5), and
the on third postoperative day the mean IOP was 10.5
mmHg (SD = 3.2) (Figure 3). The highest IOP re-
corded among all the patients during this time period
was 18 mmHg.

Discussion

The combination of air tamponade and postoperative
NSP presented in this study is an alternative approach to
conventional FTMH surgery. The treatment protocol
resulted in a closure rate of 95% for FTMH equal to or
smaller than 400 mm, showing that it is possible to treat
FTMH with less discomfort for the patients and excel-
lent results. As reported in the study by Alberti et al,8

approximately 60% of patients consider intraocular gas
tamponade as “uncomfortable” or “very uncomfort-
able.” In the present study, the air bubble no longer
interfered with the optical axis after an average of only
3.2 days, and the mean time from surgery until the air
bubble was completely absorbed was 10 days. Thus, the
use of intraocular air tamponade significantly acceler-
ates visual recovery and shortens the period of driving
and air travel restrictions. The abandonment of FDP
makes FTMH surgery possible for many patients who
would otherwise not tolerate this regimen; like obese
persons and those with different physical or mental dis-
orders. Additionally, the discomfort and risk of potential
complications associated with FDP, like pulmonary em-
bolism and ulnar nerve palsies, are reduced.27,28

Twenty-four hours after surgery, the air bubble
meniscus height was estimated to a mean of 59%,
which apparently is sufficient to close FTMH equal to
or smaller than 400 mm. Most likely, small FTMH will
close faster than larger ones and be sealed within 24
hours; thus, a tamponade effect is no longer necessary.

Fig. 3. Line graphs showing the change in mean air bubble meniscus
height (dashed line) and mean intraocular pressure (solid line) during the
first 4 postoperative days. Error bars indicate 95% confidence interval.
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The speed of the hole closure is further outlined by the
pooled 24-hour closure rate of 82% in the literature
(Table 1).17–24 In the very early postoperative period,
however, the healing process may be hindered by the
presence of fluid in the macular area. It is probably
critical to keep the macula dry for a certain time span,
which can be achieved by a high patient compliance to
the NSP regimen. This will allow the retinal pigment
epithelium pump to absorb the perifoveal intraretinal
edema and thereby contribute to a fusion of the FTMH
edges. In the present study, we used the “tennis ball
technique,” which has proven to significantly enhance
the patients’ compliance to the NSP regimen.10

In the group of FTMH larger than 400 mm, the
primary closure rate of 57% was considered unaccept-
able. At the third postoperative day, we estimated the
air bubble meniscus height to be only 39%, which
means that the foveal area is immersed in aqueous
humor unless a strict FDP regimen is applied. The
significant relation between increasing FTMH diame-
ter and the event of nonclosure suggests that FTMH
larger than 400 mm need more time isolated from the
vitreous fluid to heal. This is supported by observa-
tions of FTMH closure up to postoperative 3 days.17,24

It is therefore likely that, in this group, gas tamponade
combined with postoperative NSP, or the use of air
tamponade in combination with 3 days FDP, will
result in a higher closure rate.
In all patients, the macular hole status could be

assessed from the SD-OCT scans obtained through the
intraocular fluid within 4 days postoperatively, as long
as no vitreous hemorrhage was present. This enables
potential reoperations to be carried out within 4 days
instead of being postponed for weeks, if intraocular gas
tamponade is used. We believe that a shorter interval
between the primary surgery and the revision procedure
is beneficial for the macular recovery, which is in
agreement with the good functional results obtained in
the present study. Ninety-one percent and 79% of the
patients finally gained 2 or more ETDRS lines and 3 or
more ETDRS lines, respectively, which compares well
with the literature.5,8,29,30

Air tamponade is considerably safer than gas
tamponade, when it comes to the risk of postoperative
IOP rise. As reported by Han et al,31 30.6% of patients
experience IOP elevations above 30 mmHg following
vitreoretinal surgery with gas tamponade. Studying
different types of endotamponades, Framme et al32

found that eyes receiving air filling had the lowest risk
of postoperative IOP elevation (with a cumulative haz-
ard of 11.5% to reach an IOP$ 30 mmHg after 48
hours). In the present study, the mean IOP after 24
hours was 9.5 mmHg, whereas the highest measured
IOP among all patients during the first 3 to 4 post-

operative days was 18 mmHg. Particularly in patients
with preexisting glaucoma, the use of air tamponade
offers a possibility to treat FTMH with a lower risk of
complications.
The limitations of this study include the small sample

size and the lack of controls. In addition, the visual and
anatomical results are only valid for pseudophakic
patients. In phakic eyes, the surgical outcomes may
be less favorable because of cataract progression and
less complete vitrectomy and air tamponade. There was
no objective verification of the patients actual position-
ing during the postoperative period. The daily post-
operative examinations and contact with the study staff
may have enhanced the patients’ responsiveness to the
positioning instructions. In a real-world situation, the
compliance may thus be lower and the results less
favorable. The main strength of this study is the pro-
spective design. We conclude that pars plana vitrec-
tomy with internal limiting membrane peeling, air
tamponade, and an NSP regimen for 3 days represent
a safe and patient-friendly way to treat small and
medium FTMH with high closure rates.

Key words: air tamponade, face-down positioning,
macular hole, prone positioning, retina, vitrectomy,
vitreoretinal surgery.
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