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Abstract

Aim To evaluate the advantages and safety of
vitrectomy under air for treating macula-involving
rhegmatogenous retinal detachment (RRD).

Methods Consecutive patients with macula-involv-
ing RRD who underwent vitrectomy under air were
recruited. Demographic and clinical data were: age,
gender, eye, lens status, best corrected visual acuity
(BCVA) in logarithm of the minimum angle of
resolution (logMAR), axial length, intraocular pres-
sure (IOP). RRD parameters were: RRD extent, retinal
breaks number. Surgical data were: cataract surgery,
tamponade used. Postoperative parameters were:
BCVA, IOP at first, third, sixth month, recurrent
RD, incidence of retinal folds, subretinal fluid (SRF)
persistence, macular displacement.

Results Seventy-one eyes (71 patients) were
recruited. Cataract surgery was performed in 32 of
45 phakic patients. The tamponade used was: sulfur
hexafluoride 18% (41), silicon oil (SO) (26), high-
density SO (4). BCVA improved significantly from
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baseline (1.2 £ 0.4 logMAR) to the last control
(0.8 £ 0.7 logMAR) (P = 0.03285). Recurrent RD
incidence was 14.1%. Postoperative complications
were: retinal folds (2), SRF persistence (3), macular
displacement (2).

Conclusion Vitrectomy under air is a safe alternative
technique for treating macula-involving RRD. Vitrec-
tomy under air allows surgeon to remove accurately
the vitreous from the peripheral retina and facilitates
the removal of SRF reducing the complications related
to its postoperative persistence.

Keywords Air - Macula-involving rhegmatogenous
retinal detachment - Retinal fold - Subretinal fluid -
Vitrectomy - Vitreous cutter port

Introduction

Pars plana vitrectomy (PPV) has been greatly devel-
oped significantly in the last few years, and the
evolution of the instruments has made it less and less
invasive and traumatic, widening the indications and
increasing the demand. However, PPV approach for
the treatment of macula-involving rhegmatogenous
retinal detachment (RRD) is not yet standardized,
leaving open different ways of performing it. Which
maneuvers are better to perform remains debat-
able and, often, the surgical management depends on
surgeon’s experience. The anatomical success of the
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retinal re-attachment may be not sufficient to give an
adequate visual recovery. This depends not only on the
chronicity of the macular detachment but also on some
complications related to surgical management. The
extent of vitrectomy, the management of subretinal
fluid (SRF), the type of intraoperative and final
tamponade and the patient’s postoperative position
may affect the anatomical and functional success of
surgical treatment. Persistence of SRF, retinal folds
and macular displacement development are the post-
operative complications of surgery that can compro-
mise the functional recovery. The large number of
published articles on the surgical variants of the
treatment of RRD and on the postoperative complica-
tions is the expression of a continuous research to
optimize and standardize this surgical approach.
Recently, some authors reported the use of air as a
medium in which to perform vitrectomy [1-8]. The
common use of the air is as a medium for exchanging
and removing perfluorocarbon liquid (PFCL) or for
injecting the final intravitreal tamponade, like silicon
oil (SO) and gas. However, the properties of buoy-
ancy, transparency, the high surface tension and the
easy of intraoperative management (rapid injection
and removal) lead many surgeons to use the air during
vitrectomy. Performing a vitrectomy in the air can be
beneficial for many reasons. The air prevents the
movement of the retina following the tractions given
by vitrectomy, and it provides a wider view of fundus.
In this paper, the authors evaluate the advantages and
the safety of the vitrectomy under air for the treatment
of macula-involving RRD.

Materials and methods

A series of consecutive patients affected by macula-
involving RRD who underwent PPV under air, at the
department of Ophthalmology of the University of
Padova between November 2017 and December 2019,
were recruited. At the time of surgery, the surgical
procedures were evaluated by institution’s ethics
committee, and in accordance with the ethical stan-
dards of the responsible committee the approval was
received. The benefits and potential risks of the
treatment were explained, and informed consent was
obtained from all patients. The inclusion criteria were
macula-involving RRD, absence of metabolic and
vascular retinal diseases and negative history of
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previous surgery for RD repair. All data were collected
from clinical charts and electronic database of the
department of Ophthalmology of University of
Padova. The demographic data were the following:
age (years), gender (male/female), eye (right or left),
lens status (phakic or pseudophakic), detailed infor-
mation on previous ocular surgery. The preoperative
data collected were the following: best corrected
visual acuity (BCVA) measured in Snellen chart and
converted to logarithm of the minimum angle of
resolution (LogMAR), axial length (AL) measured in
millimeters (mm), intraocular pressure (IOP) mea-
sured in mmHg. RRD parameters were the following:
extent of RRD (expressed as a clock face from 1 to
12 hours) and number of retinal breaks. Postoperative
parameters were the following: BCVA (at first, third,
sixth month), IOP (at first, third, sixth month), recur-
rent RD, persistence of SRF, incidence of retinal folds
and macular displacement, detected by optical coher-
ence tomography (OCT) and fundus autofluorescence
(FAF). Concerning the BCVA, visual acuity line scale
adapted for low vision was used. The following
conversion was calculated: finger count at 1 m equal
to 1.8 logMAR, perception of hand movement equal to
2.3 logMAR, light perception equal to 2.8 logMAR,
no light perception equal to 3 logMAR. BCVA and
IOP changes were evaluated for patients who under-
went one successful surgery, and those who presented
a recurrent retinal detachment were excluded from the
analysis. All surgical procedures were performed by a
single experienced vitreoretinal surgeon (R.F.) using
23 gauge (QG) vitrectomy system (Constellation vision
system, Alcon Laboratories, Inc.). The variants of
surgical technique collected were: the type of tam-
ponade used (silicon oil SO, high-density SO or sulfur
hexafluoride SF6 18%), and cataract surgery com-
bined to vitrectomy.

Statistical analysis

Statistical analysis of the data was computed using
SPSS software version 22.0 (IBM Corporation, New
York, NY, USA). Descriptive statistics are absolute
and relative frequencies for qualitative variables and
means, standard deviation, median for quantitative
variables. Paired t-test was used to evaluate the
changes of BCVA and IOP comparing the baseline
mean with postoperative means at each time point of
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follow-up. Statistical significance was set at 0.05 (two-
tailed).

Surgical technique

After a core vitrectomy, an early fluid—air exchange
was performed to completely fill the vitreous chamber
with air, aspirating simultaneously SRF through the
retinal break or, if there were more than one break,
through the more posterior ones, until the air bubble
closed the retinal break and dislocated the residual
SRF from the periphery to the macula, already
detached (Fig. 1a, b). In this way, vitrectomy was per-
formed on the peripheral retina, attached by the air
bubble tamponade, under the effect of a wider visual
field viewing due to the different air refraction index of
the air (1) compared to fluid/vitreous (balanced salt
solution BSS 1.33 versus vitreous 1.337) (Fig. 2a, b).
The difference values between air and BSS-vitre-
ous refraction indices also permits a better visualiza-
tion of the residual vitreous during the vitrectomy, by

Fig. 1 Macula-involving rhegmatogenous retinal detachment
(RRD) with a retinal break and subretinal fluid (SRF) (picture a).
Pictures b and ¢ show the steps of the use of the air for
management of SRF: early injection of air and displacement of
SRF toward the macula (b), injection of perfluorocarbon liquid
(PFCL) under air and removal of SRF through the retinal break
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the turbulence that creates the vitreous cutter port
when the vitreous is engaged into it (Fig. 2¢). If a
condensation of posterior surface of intraocular lens
(IOL) in pseudophakic patient with capsulotomy
occurred, a bubble-wiping technique was performed
[9-11]. At the end of base vitreous shaving, perfluo-
rocarbon liquid (PFCL) was injected into the vitreous
chamber and a back flush needle was placed in front of
the retinal break in order to create a vacuum and to
favor the drainage of the SRF pushed by the PFCL
from the macula to the periphery (Fig. 1c). The final
air-PFCL exchange was performed to remove PFCL.
Sulfur hexafluoride (SF6), silicon oil (SO), high-
density SO were injected as final intravitreal tampon-
ade. The type of tamponade (SO, high density SO, gas)
used was decided on the basis of the complexity of RD
(like retinal contraction, location, number of and type
of retinal breaks). At the end of surgery, the patient
was instructed to maintain a supine position for the
immediate postoperative 12 hours. Supplementary

by back flush needle. Pictures d and e show the conventional use
of PFCL with the displacement of SRF toward the peripheral
retina for 360° (picture d). The incomplete removal of SRF can
cause its displacement toward the macula area and the retinal
folds formation (picture e)
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video 1 shows the surgical technique of vitrectomy
under air.

Results

Seventy-one clinical chart of 71 consecutive patients
(42 males, 29 females) affected by macula-involving
RD (32 right and 39 left eyes) who underwent PPV
under air were collected. The mean age was
61.94 £+ 14.45, ranging from 14 to 90 years. Table 1
summarizes the preoperative data. In 32 of 45 phakic
patients, cataract surgery was performed with vitrec-
tomy. The final tamponade was: SF6 in 41 eyes
(57.8%), SO in 26 eyes (36.6%) and high density SO in
4 eyes (5.6%). The incidence of recurrent RD after
surgery was 14.1% (10 of 71 eyes): 5 in the subgroup
of patients with SO tamponade, 2 in subgroup with
high density SO tamponade and 3 in the subgroup with
SF6 tamponade. In 9 eyes, definitive retinal attach-
ment was obtained after 2 additional surgeries, one of
revision of vitrectomy with injection of permanent
tamponade (SO or high density SO) and one of
tamponade removal after a period between 1 and
3 months. In one case, no further surgery was
performed because the patient did not want to undergo
additional treatments. Postoperative complications
after successful surgery were: two cases of retinal
folds, 3 cases of bleb like syndrome and 2 cases of
macular displacement (Fig. 4). BCVA mean of 60
patients with a successful retinal reattachment after the
first surgery improved significantly from baseline,
1.2 £ 0.4, ranging from 0.7 to 3 logMAR, to each time
point follow-up reaching 0.82 + 0.7, ranging from 0
to 3 logMAR, at 6 postoperative months
(P =0.03285) (Fig. 3). IOP mean increased from
12.5 + 4.8, ranging from 3 to 31 mmHg at baseline to
21.2 £ 7.1, ranging from 5 to 30 mmHg at the first
postoperative month (P = 0.04639); subsequently, it
decreased without significant difference compared to
preoperative value (Fig. 3).

Discussion
It is common belief that the vitreous should be
removed completely when PPV is performed for

treating RD. However, the amount of removed vitre-
ous is the result of a compromise between the surgeon
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Fig. 2 The different width of view through the fluid a and airp
b with the same viewing system. The black arrows indicate laser
spots around a retinal break. Picture ¢ shows vitrectomy under
air: asterisk indicates the turbulence in the vitreous interface
during the vitrectomy. Picture d shows vitrectomy under fluid:
asterisk indicates the stretched detached retina and vitreous
engaged in the vitrectomy cutter port

skills and the conditions of the vitreous and peripheral
retina that varies from case to case. The most realistic
goal is not to remove all vitreous, but to remove it as
much as possible without causing damage to the
retina. For understanding what are the difficulties of
vitreous base shaving in the treatment of RRD, the
attention must be focused on specific conditions
during surgery. The vitreous base shaving is a
dangerous procedure due to the fact that the vitreous
cutter works almost in contact with the retina. PECL is
injected into the vitreous chamber to reduce the
movements of the retina during shaving. In this way,
the macula is stabilized and the peripheral retina is
stretched limiting its movements during vitrectomy.
Despite this, the compartmentalization of SRF, pushed
anteriorly in the subretinal space, keeps the retina
detached and, during shaving, the movements of the
retina, due to turbulence and tractions given by the
vitreous cutter port, increase the risk of iatrogenic
retinal breaks (Fig. 2d, supplementary video). To
perform a shaving of the vitreous base, the surgeon
must work with the vitreous cutter extremely close to
the peripheral retina. The tractional forces that the
vitreous cutter creates on the detached retina cause a
movement of the retinal tissue toward the vitreous
cutter port. These forces are transformed into retinal
stress (Fig. 2d) The stress due to the tractions causes a
shortening and elongation of the retina. The ideal
condition would be to work with the attached retina.
However, even if the retina is still attached and there-
fore subjected to a force that is opposed to the retinal
movement, the stress due to the vitrectomy will act on
the internal retinal architecture. The ideal cut of a
tissue is when no force is applied to the tissue beyond
that of the cut itself. When a tissue is subjected to
traction, the cut is composed of additional forces that
involve areas of tissue adjacent to the cut and the
surgeon is not more able to control the effects of cut on
the treated tissue [1]. Vitrectomy under air has the
advantage that the air bubble contrasts, with its
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tamponade force, the tractional forces exerted by
vitreous cutter on the retinal surface. This approach
stabilizes the retina preventing it from being engaged
in the vitreous cutter port and limits the stresses on the
internal retinal structure (Fig. 2c, supplementary
video).

An important aspect of vitrectomy under air
concerns the management of SRF. In the traditional
approach, PFCL injection is considered to be an
important step. Its function is to stabilize the macula
and to displace SRF from the macula to the peripheral
retina. When the PFCL fills vitreous chamber up to
cover the retinal break, no further drainage of SRF is
possible and the residual SRF is displaced anteriorly to
form a rim of detached retina. SRF is compartmental-
ized in the subretinal space anteriorly with a donut-
shaped configuration. When PFCL is exchanged with
air, the SRF is removed through the retinal break by a
back flush needle. However, the complete removal of
SRF is not obvious, because when the air bubble closes
the retinal break, the residual SRF remains incarcer-
ated and migrates to the macula at the end of the
complete air exchange increasing the risk of creating
retinal folds (Fig. 1e). The technique described in this
paper aims to reduce the risk of residual SRF at the end
of surgery, by making an early air exchange, pushing
SREF to the macular area, and then by injecting PFCL
under air, in order to push SRF to the peripheral retina.
The air tension against the peripheral retina and the
vacuum created with a back flush needle in front of the
retinal break allows the surgeon to drive SRF to the
retinal break and to completely remove it without its
compartmentalization. It is not possible to be sure of
the complete removal of SRF and retinal folds could
develop, due to the action of tamponade that pushes
the retina against the retinal pigment epithelium

(RPE). Therefore, the authors suggest instructing the
patient to maintain a specific position in order to avoid
the bubble to tamponade the posterior pole: a supine
position in case of SO or SF6 tamponades, a prone
position in case of high-density SO tamponades. In
this way, the presence of fluid in both side of the
detached retina (over and under) allows the retina to go
flat gradually following the reabsorption of SRF by the
RPE pump (Fig. 5). Figure 1d, e shows the traditional
approach with PFCL injected under BSS onto the
macula and the subsequent donut-shaped compart-
mentalization of SRF into the peripheral retina with a
risk of retinal folds formation after the PFCL air
exchange. In this series, the retinal re-attachment was
obtained in all eyes.

The incidence of recurrent RD (14.1%, i.e., 10 of 71
eyes) is similar to the surgical failure rate reported in
the literature. Recurrence of RD was higher in the
subgroup of patients with SO than those with SF6. The
authors believe that this difference in outcomes is
affected by the complexity of the cases and the longer-
term compartmentalization that SO creates compared
to the gas in the vitreous chamber. The rate of cases
that require additional surgery to repair recurrent RD
is extremely variable in the literature. An anatomically
successful repair occurs in 95% of people, with
70-90% achieving this in one operation [12-21]. In
our study, we obtained a 14.1% of retinal re-attach-
ment with just one surgery. There are several causes of
failure of primary RD surgery. The most important of
them is the development of proliferative vitreo-
retinopathy (PVR) that leads to retinal contraction.
This phenomenon occurs in 5-11% of patients
[12, 22-33]. A higher risk of re-detachment has been
reported in PVR > grade C, anterior and inferior PVR
[12, 22, 23, 26, 29-31]. Another cause of re-

Table 1 Demographic and
preoperative clinical data

Gender (male/female) number (%)

Eye (right/left) number (%)

Axial length (mm) mean + (median) range

Best corrected visual acuity (logMAR) mean + (median) range
Intraocular pressure (mmHg) mean + (median) range

Retinal detachment extent (hours) mean + (median) range
Number of retinal tears mean + (median) range

Proliferative vitreoretinopathy number (%)

Number of eyes 71 (71

Age (years) mean * (median) range

Lens status (phakic/pseudophakic) number (%)

61.94 £ 14.45 (63) 14-90
42 (59.2)/29 (40.8)

32 (45.1)/39 (54.9)

26.2 £ 2.9 (24.5) 21.5-33.9
12 £ 0.4 (1) 0.7-3

12.5 £ 4.8 (13) 3-31

943 (9)2-12
24 1.13) 1-6
11 (15.5)

45 (63.4)/26 (36.6)

patients)
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a Best corrected visual acuity (BCVA) changes at baseline and during the follow-up (1,3 and 6 months)

08

06

02

0

baseline 1 month 3 months 6 months
mean # range 1.2¢0.4 (0.7-3) 0.89+0.9 (0-2.8) 0.85+0.8 (0-3) 0.8210.7 (0-3)
*p<0.05 - 0.03525 * 0.03684 * 0.03285 *
b Intraocular pressure (IOP) changes at baseline and during the follow-up (1,3 and 6 months)
30
25
20
15
10
5
0
baseline 1 month 3 months 6 months

mean t range

12.5+4.8 (3-31)

21.247.\ (5-30)

14.745.6 (12-30)

15.243.4 (12-31)

*p<0.05

Footnotes

BCVA and IOP changes were analyzed in the group of patients with successful retinal reattachment after the first surgery (number 60)

0.04639 *

0.3544

* paired t test analysis between baseline and each time point of follow-up (1,3,6, months)

Fig. 3 Graph of best corrected visual acuity and intraocular pressure changes during the follow-up

0.3285
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«Fig. 4 a, b Optical coherence tomography (OCT) scans show
the 2 cases of postoperative extrafoveal outer retinal folds. ¢,
d fundus autofluorescence (FAF) shows the two cases of
macular displacement (white arrows). d, g, e optical coherence
tomography (OCT) scans show the 3 cases of multiple subretinal
fluid (SRF) blebs

detachment is the formation of new breaks or missed
breaks [24, 25, 27, 28]. Clinical characteristics of
primary RD that increment the risk of recurrence are
longer duration of symptoms, involvement of inferior
and all four quadrants, persistent and progressive
accumulation of SRF [25, 27, 30-32].

Last important aspect of vitrectomy under air
concerns the quality of visualization of fundus during
the surgery. The air has a refractive index lower than
BSS. This characteristic of the air allows the surgeon
to have a wider field of view in air compared to that in
BSS (Fig. 2a, b). In addition, the detection of the
vitreous is facilitated during vitrectomy under air by
the presence of turbulence on the vitreous/air interface
when the vitrectomy cutter engages the vitreous
(Fig. 2¢). Vitrectomy under air allows to perform
shaving more accurately compared to that under BSS,

‘ Face-down position

Air or SF6 or SO/fluid interface

/»;

fluid/fluid interface

Fig. 5 a Incorrect postoperative position of the eye that can
induce the formation of retinal folds, b correct postoperative
position of the eye that allows the retina to go flat without the
formation of retinal folds

because the air bubble contrasts, with its tamponade
force, the tractional forces exerted by vitreous cutter
on the retinal surface. This approach stabilizes the
retina preventing it from being engaged in the vitreous
cutter port during the shaving. A reduced vision under
air can occur in pseudophakic patients with opened
posterior capsule. If a condensation of posterior
surface of IOL with capsulotomy occurs, bubble-
wiping technique or a re-exchange air-BSS might be
performed. An important advantage of air is that is
easy and fast to exchange.

In our series, we noticed the following postopera-
tive complications: 2 cases of retinal folds, 3 cases of
SREF persistence and 2 cases of macular displacement.

The mechanisms of retinal folds formation are not
fully known. dell’Omo described 3 types of retinal
folds: full-thickness and partial retinal folds (outer or
inner). The incidence of retinal folds in our series
(5.4%) was lower than that reported in the literature
[34, 35]. dell’Omo et al. reported 42.4% of incidence
of outer retinal folds and 48.8% of inner retinal folds in
a series of 33 cases of RRD (22 with macula-involving
RRD) [34]. Peiretti E et al. reported 35.71% of
incidence of partial-thickness retinal folds in a series
of 56 cases of RRD involving macula [36].

In three cases, we detected the presence of multiple
SRF blebs after RD repair. In one case, we noticed a
complete resolution after one year, and in the other
two, we noticed a reduction of the size and the number
of blebs at 3 postoperative months. In two cases, SRF
blebs did not affect the functional recovery, supporting
the previous findings reported in the literature, and in
the other one a functional impairment was detected
after 6 months [37]. However, it remains unclear
whether this complication is a consequence of a
persistence of SRF or it is an inflammatory process of
RPE.

In two cases (5.4%), we detected a retinal vessel
displacement directed downward. The incidence of
macular displacement was lower compared to that
reported in the literature [38].

In conclusion, vitrectomy under air is a safe
alternative technique for treating macula-involving
RRD. Although even in our series of cases we found
the postoperative complications after successful
surgery already reported from other authors, it must
be said that the incidence of those is considerably
reduced. Probably, there are factors such as greater
accuracy in the removal of SRF, a greater
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collaboration of the patient in maintaining the post-
operative position which can affect the final result.
Vitrectomy under air facilitates the removal of vitre-
ous from the peripheral retina. The early use of the air
and the PFCL injection under air facilitates the
removal of SRF reducing the complication related to
the postoperative (Fig. 5) persistence of SRF.
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