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Abstract

Purpose: To observe the short-term efficacy of vitrectomy combined with air tamponade for rhegmatogenous retinal detachment
(RRD) with inferior holes.

Methods: Retrospective case series. Fifty patients with RRD and inferior holes who underwent pars plana vitrectomy (PPV) com-
bined with air tamponade from June 2017 to December 2020 in Nanjing Aier Hospital were analyzed. Best-corrected visual acuity
(BCVA) measurement, non-contact intraocular pressure (NCT) evaluation, slit-lamp microscopy, indirect funduscopy with a slit lamp,
wide-angle fundus photography, optical coherence tomography (OCT), ophthalmic AB ultrasound examination, and evaluation of the
length of the optic axis with the IOL-Master were performed before surgery. All patients underwent 23-gauge vitrectomy combined
with air tamponade. The aforementioned examinations were performed at 5 days, 3 weeks, and 3 months postoperatively. Retinal

reattachment, BCVA, intraocular pressure, and complications were observed.

Results: Initial reattachment was achieved in 98% of the 49 patients 3 months after surgery. No patient had retinal redetachment
during the follow-up. Preoperative LogMAR BCVA was 1.81 + 0.87, and at 5 days, 3 weeks, and 3 months after surgery were 0.72 +
0.35, 0.59 + 0.34, and 0.58 * 0.32, respectively. All patients gained better postoperative BCVA (P<0.001). Increased ocular pressure
was found in two cases on the first postoperative day, and the pressure returned to normal after drainage of the anterior chamber
fluid. Local retinal redetachment occurred in one patient two months after surgery. This patient underwent scleral buckling and final

reattachment.
Conclusion: Vitrectomy combined with air tamponade is an effective treatment for RRD patients with well-relaxed and closed infe-

rior retinal holes. It might reduce the complications from silicone oil tamponade and being in a facedown position for a long period.
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Introduction [1-13]. Pars plana vitrectomy can find holes and release vitreous
Rhegmatogenous retinal detachment (RRD) is a common, blinding  traction and is widely used in clinical practice. Pars plana vitrec-
oculopathy, and treatment methods usually include scleral buck- tomy requires the combined application of vitreous cavity filling,

ling, pars plana vitrectomy (PPV), or a combination of the methods including inert gases, air, or silicone oil. The dark shadow formed
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by intravitreal gas causes poor vision for a period after surgery. It
takes about 2 weeks for 20% of SF6 gas to be absorbed, and about
2 months for 13% of C3F8 to be absorbed [14-15]. Compared with
inert gases, air is absorbed faster, effects a patient’s vision for a
shorter period and is inexpensive. In addition, air tamponade is as-
sociated with a lower incidence of postoperative high intraocular
pressure and postoperative complicated cataract [14]. According
to the results of many studies [16-20], the surgical success rate is
about the same between inert gas tamponade and air tamponade
in the treatment of RRD, regardless of the locations of the holes.
Whereas other studies have shown that inert gas tamponade was
superior to air tamponade for inferior holes [10,21].In 2013, Tan et
al. [10] showed that the overall success rates of intravitreal air tam-
ponade and SF6 tamponade in the treatment of RRD were 81.0%
and 86.9%, respectively. However, in the cases with RRD involving
the inferior quadrants, the reattachment rate in the air tamponade
group was 69.6%, lower than the 84.7% success rate in the SF6
tamponade group. In 2015, Zhou et al. [21] performed PPV with air
tamponade in 32 patients with inferior retinal detachment, and the
primary reattachment rate was 84.4%. In 2019, Tetsumoto et al.
[22] reported no difference in the reattachment rates between air
tamponade and 20% SF6 tamponade for 27-gauge PPV in the treat-
ment of RRD, irrespective of where the clock positions of the holes
were. Therefore, the application of air tamponade in the treatment
of RRD of inferior holes remains controversial. In recent years,
owing to the limited application of inert gases in China, PPV with
silicone oil tamponade in the treatment of RRD has mostly been
applied. However, silicone oil tamponade can cause many compli-
cations, such as secondary glaucoma, aggravated cataract, and reti-
nal toxicity, requiring facedown positioning for long periods, and
the need for a second operation to remove the oil, which increases
costs [23]. Lastly, RRD complicated by choroidal detachment (CD)
is considered a contraindication for air tamponade. In this study,
patients with RRD of inferior holes, including those with CD, were
treated with PPV combined with air tamponade, in order to explore
the feasibility of PPV with air tamponade in the treatment of RRD of

inferior holes, thereby minimizing the use of silicone oil.

Materials and Methods

Subjects

A retrospective analysis was performed on 50 patients (50 eyes;
27 male and 23 female) with RRD of inferior holes who underwent
23G PPV in Nanjing Aier Hospital from February 2017 to December

2020. Inclusion criteria were as follows: (1) proliferative vitreous

retinopathy (PVR) below grade C3, without obvious vitreoretinal
proliferation, or with preretinal and subretinal proliferation, which
could be completely released during surgery; (2) holes located be-
low the 3-9 o’clock horizontal line, without restriction on the size
and number of holes; (3) no restriction on the range of retinal de-
tachment; (4) no restriction on whether it was combined with CD
and the degree of CD; (5) no restriction on refractive degree and
ocular axial length; (6) no restriction on whether there was dialysis
of ora serrata or recurrent retinal detachment after PPV. Exclusion
criteria were as follows: (1) those with retinal proliferation, stiff-
ness, anterior displacement, and retinal shortening; (2) those with
a significantly atrophied choroid and retinal pigment epithelium
(RPE)-Bruch membrane complex in the macular region and a vis-
ible macular hole of the sclera; (3) those with tractional detach-

ment of the retina.

The study conduct followed the principles of the Declaration of
Helsinki. Patients were fully informed of all aspects of the proce-
dure, and all provided written informed consent. The study was
conducted with approval from the Ethics Committee of Nanjing

Aier Eye Hospital.

The mean age of the 50 patients was 57.18 * 13.14 years, and the
mean course of disease was 22.13 + 32.05 days. There were 17
patients (34%) with CD, 7 patients (14%) with fixed retinal folds,
28 patients (56%) with multiple retinal holes (3 or more), and 14
patients (28%) with high myopia. According to the clock positions
of the lowest hole, there were 12 eyes (24%) with holes located at
8-9 o’clock and 3-4 o’clock, 6 eyes (12%) with holes located at 7-8
o’clock and 4-5 o’clock, and 32 eyes (64%) with holes located at 5-7
o’clock. According to the range of retinal detachment, there was 1
eye (2%) involving 1 quadrant, 13 eyes (26%) involving 2 quad-
rants, 14 eyes (28%) involving 3 quadrants, and 22 eyes (44%) in-
volving 4 quadrants. There were 5 eyes (10%) with grade A PVR,
38 eyes (76%) with grade B, 4 eyes (8%) with grade C1, and 3 eyes
(6%) with grade C2.

Outcome measurements
All patients underwent preoperative BCVA using the Snellen visual

acuity chart converted to the logarithm of the angle of minimum
resolution, namely LogMAR visual acuity for statistical analysis.
In addition, pre-operative examinations included non-contact in-
traocular pressure (NCT) evaluation, slit-lamp microscopy, indirect
slit-lamp ophthalmoscopy, ocular A/B ultrasound, Aalborg wide-
angle fundus photography, optical coherence tomography (OCT),

and ocular axial length (IOL-master measurement).
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Surgical methods

All subjects underwent three-port 23G PPV using the ALCON Con-
stellation vitrectomy system under a binocular indirect ophthal-
moscope (BIO) noncontact wide-angle retinoscope. During the
operation, the vitreous at the incision was removed first, followed
by vitrectomy at the central axis and posterior pole, and finally
posterior vitreous detachment was performed. The vitreous body
around the holes, areas of degeneration, and basal part were re-
moved as much as possible. The holes and areas of degeneration
were sealed by using a laser, and condensation was carried out if
necessary. Complete gas-liquid exchange was performed, and the
subretinal fluid was drained as much as possible. Sterile air was re-
tained in the vitreous cavity. The puncture trocar was removed at a
perfusion pressure of 35 mmHg using the vitrectomy machine. The
self-closure incision was not sutured unless leaks were detected
wherein the incision was sutured with an 8-0 absorbable suture.

The intraocular pressure was adjusted to Tn.

For some patients with severe CD, it was necessary to place a perfu-
sion tube into the vitreous cavity using extra scleral drainage to pro-
mote choroid reattachment. According to the degree of lens opacity,
15 eyes simultaneously underwent phacoemulsification. Combined
surgery was not recommended for patients with severe CD owing to

a significant calculation error of the lens.

Facedown positioning was required for 3-5 days after the operation
for all patients, and then patients adopted a prone or lateral head
position which depended upon the location of the holes, to put the
hole at the highest level. Patients with CD underwent the operation
as soon as possible to minimize delays in treatment and 30-40 mg
of prednisone was administered orally, once daily immediately after

admission until 5 days postoperatively.

Postoperative follow-up and determination of reattachment

Postoperative examinations included BCVA measurement, NCT, slit-
lamp microscopy, indirect slit-lamp ophthalmoscopy, OCT, and B-ul-
trasound and these examinations were performed 5 days, 3 weeks,
and 3 months after surgery. The recorded time to complete air ab-
sorption and gas absorption was based on Aalborg wide-angle fun-
dus photography and the time the patient subjectively perceived it
took for the round air bubbles in front of their vision to completely
disappear. The complete anatomical reattachment was confirmed
by using indirect slit-lamp ophthalmoscopy, Aalborg wide-angle
fundus photography, and B-ultrasound examination and flat retinal

appearance.

Statistical analysis

SPSS25 statistical software was used to process the data. The inde-
pendent sample t test was used for the data, and one-way analysis
of variance was used for the comparison of the variables at differ-
ent time points. P < 0.05 was considered to indicate statistical sig-

nificance.

Results

Primary attachment rate

At 5 days and 3 weeks after the operation, primary retinal reat-
tachment was observed in all 50 patients. However, one patient
with RRD of 360° total retinal detachment, involving 4 quadrants
and complicated CD was observed to have local retinal detachment
2 months after surgery. The cause was undiscovered needle-like
holes where the retina was reattached after scleral buckling. At 3
months after the operation, primary retinal reattachment was ob-
served in all the other patients for an overall reattachment rate of
98%.

In the 17 patients with RRD of inferior holes combined with CD,
primary retinal reattachment was observed in 16 patients. Primary
retinal reattachment was observed in all the 28 patients with reti-
nal detachment involving 1-3 quadrants and 21 of the 22 patients

with retinal detachment involving 4 quadrants.

Comparison of BCVA before and after the operation

The log MARBCVA before the operation was 1.81 * 0.87 and the
log MARBCVA at 5 days, 3 weeks, and 3 months after the operation
were 0.72 + 0.35, 0.59 + 0.34, and 0.58 * 0.32, respectively. BCVA
at different times after the operation was significantly improved

compared with that before the operation (each P < 0.05).

Postoperative conditions and complications

The intraocular pressure was greater than or equal to 25 mmHg on
the first day in 2 cases after the operation. It was speculated that
it was caused by viscoelastic agent residues during the combined
cataract surgery, and the intraocular pressure returned to normal

after drainage of the anterior chamber fluid.

About 1/2 of the air in the vitreous cavity was absorbed within 3-5
days after the operation; at this time, the macular fovea could be
visualized. The dark shadow of air bubbles disappeared in front of
patients’ eyes in an average of 12.3 days (10-15 days) as the air was
completely absorbed.
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One patient suffered intraoperative damage to the posterior lens
capsule, resulting in complicated cataract. The preoperative visual
acuity of the patient was tested by counting fingers in front of the
eye and was 0.15 at 3 weeks after the operation. Figure1-4 are im-
ages of four patients preoperatively, postoperatively with partial
gas tamponade, and 3 months postoperatively, respectively (Fig-
urel-4).

Figure 1: Images of a patient with high myopia and with large holes
between the 5:30 and 2:00 o’clock meridians combined with 360°
CD, preoperatively (A), postoperatively with partial gas tamponade

(B), and 3 months postoperatively (C).

Figure 2: Images of an RRD patient with multiple holes, subretinal

proliferative streaks combined with CD, preoperatively (A), postop-

eratively with partial gas tamponade (B), and 3 months postopera-
tively (C).

Figure 3: Images of an RRD patient with multiple holes combined
with pathological myopia, preoperatively (A), postoperatively with
partial gas tamponade (B), and 3 months postoperatively (C).

Figure 4: Images of a patient with retinal redetachment after oil
removal preoperatively (A), postoperatively with partial gas tam-

ponade (B), and 3 months postoperatively (C).

Discussion

Feasibility of air tamponade after PPV in the treatment of RRD
of inferior holes

As early as 1990, Carim [24] was the first to apply air tamponade
in the treatment of retinal holes. In 2009, Hasegawa et al. [25]
believed that air and SF6 had basically the same closure rate for
macular holes. Gas tamponade can isolate intravitreal fluid and
promote the reattachment of the retina and holes through surface
tension. In 2020, Yu Ying et al. [23] performed air tamponade treat-
ment on 90 eyes with RRD, of which, there were 7 eyes with infe-
rior holes, and the primary retinal reattachment rate was 96.6%.
Studies have shown that PPV with air tamponade in the treatment
of RRD with superior holes has gradually been recognized. In 2005,
Martinez-Castillo et al. [16] combined PPV with air tamponade
treatment of RRD with inferior holes, and supine positioning for
30 minutes after the operation, and the primary reattachment rate
reached 90% without the need for long term facedown position-
ing. The author speculated that it only took a few hours to form
an effective adhesion around holes, especially in the first 24 hours
after the operation, and after the formation of adhesions around
the holes, intraocular fluid could not pass through and enter the
subretinal cavity. Although air was absorbed quickly, the time was
still sufficient to close the holes. The study showed that the average
air-filled volume was about 77% (60% to 90%), 24 hours after sur-
gery. It took an average of 3.8 days for the air to drop to 1/2 volume
of the vitreous cavity, and it took about 10.9 days for complete ab-
sorption. In our study, facedown positioning was recommended for
3-5 days after the operation; by this time, about 1/2 of the air was
absorbed. After that, patients adopted a prone or lateral head posi-
tion, whichever put the hole higher, to continue to isolate the fluid.
The primary reattachment rate in 50 patients was 98%, indicating

that this approach was successful.

Influence of CD on the efficacy of air tamponade therapy

Rhegmatogenous retinal detachment complicated by CD accounted
for about 8.6% of the RRD cases [26]. Because of low intraocular
pressure and damage to the vascular barrier, ocular uveitis is of-
ten severe, and proliferation is common after surgery, resulting in
a lower reattachment rate than in simple RRD. Until now, the pre-
vailing view has been that silicone oil tamponade must be applied
in the treatment of RRD complicated by CD. Silicone oil tamponade,
supplemented by patient positioning, can isolate intravitreal fluid

for a long time, prevent fluid from entering the subretinal cavity,
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and promote hole closure and retinal reattachment. However, be-
cause silicone oil occupies a certain volume of the vitreous cav-
ity, the concentration of intraocular inflammatory factors will be
higher, and proliferation is more likely to occur. If the vitreous cav-
ity is filled with air instead, the intraocular inflammatory factors
will be diluted during air absorption, and the concentration will be
lower than with silicone oil, potentially reducing the postoperative
proliferative response. Yu Ying et al. [23] performed air tamponade
treatment on 90 eyes with RRD and patients who had remission of
mild to moderate CD after glucocorticoid treatment were included
in the study. PPV with air tamponade or silicone oil tamponade
treatment was administered, and the primary retinal reattachment
rate in the air tamponade group was 96.6%. In this study, 17 out of
50 patients had CD, and 6 of them had intraocular pressure lower
than 5 mmHg on the day of surgery. Significant choroidal detach-
ment with hemispherical ridge-like bulging was observed during
the operation. We speculated that compared with conventional
RRD, the key to the treatment of RRD combined with CD was the
closure of all holes, complete PVD, peri-break vitrectomy, and basal
vitrectomy, to minimize retinal detachment caused by postopera-
tive vitreous proliferation. During the operation, the vitreous body
was stained with triamcinolone acetonide. The white particles of
the drug attached to the surface of the vitreous and retina, which
clearly showed the condition of the vitreous body. Suprachoroidal
fluid was partially drained through the puncture opening during
the surgery, and the vitreous body in the area of the holes and lat-
tice degeneration, was removed as much as possible under the aid
of perfluorcarbon and the assistant. In this study, the 17 patients
with RRD with inferior holes combined with CD were treated with
PPV with air tamponade, and 16/17 had primary retinal reattach-
ment. The abovementioned results indicate that for RRD with infe-
rior holes combined with CD, air tamponade could be used instead
of silicone oil tamponade if the retina can be completely released,
the vitreous body is properly handled, all holes and degeneration

areas are sealed, and anti-inflammatory therapy is intensified.

Influence of the range of retinal detachment on the efficacy of

air tamponade therapy

Zhou et al. [21] compared 32 cases of PPV combined with air tam-
ponade and 32 cases of PPV combined with C,F, tamponade in the
treatment of RRD with inferior holes. The average number of quad-
rants involved was 2.96 in the reattachment group and 3.83 in the
non-reattachment group and this difference was significant. There-

fore, the spectrum of retinal detachment may be an independent

risk factor affecting reattachment. Among the 50 patients in this
study, the one case without reattachment had a 360° total retinal
detachment, involving 4 quadrants combined with CD. The larger
the range of retinal detachment, the more difficult it will be to han-
dle the vitreous body. The activity, proliferation, traction, and con-
traction of the residual vitreous body can result in the reopening
of original holes, the occurrence of new holes or tractional retinal
detachment, which is the root cause of postoperative retinal rede-
tachment. Therefore, proper vitreous handling is critical for the

treatment of RRD when coupled with a wide range of involvement.

Postoperative intraocular pressure

Thompson etal. [27] concluded that increased intraocular pressure
and the proportion of complicated cataract cases were significantly
reduced when using air tamponade compared to inert gas tampon-
ade. Jiayi Yang et al. [28] found that the occurrence of early high
intraocular pressure after PPV was closely related to intraocular
fillings and high myopia. The incidence of high intraocular pressure
was 32.2% when silicone oil was used, whereas it was 13.3% when
air tamponade was used, and 48.6% and 19.8% in patients with
and without high myopia, respectively. Among the 50 patients in
this study, 14 had high myopia, and only 2/50 had high intraocular
pressure on the first day after the operation, and both underwent
combined cataract surgery. The origin of the high intraocular pres-
sure was thought to be caused by intraoperative viscoelastic agent
residues, and the intraocular pressure returned to normal on the
second day after drainage of the anterior chamber fluid. It was pre-
viously reported that the proportion of postoperative high intraoc-
ular pressure was elevated for RRD combined with CD. However,
none of the 17 cases complicated by CD developed high intraocular
pressure after air tamponade therapy in our study. The sample size
was small, but our results strongly suggest that different fillings
have a significant effect on intraocular pressure when our results

are compared to the published literature.

Duration of facedown positioning

Facedown positioning is routinely required after PPV with silicone
oil tamponade in the treatment of RRD, especially RRD with infe-
rior holes, and the duration is usually 14 days to 1 month [12, 16,
21]. Our results support the conclusion that the duration of face-
down positioning can be greatly shortened by PPV with air tam-
ponade. Tetsumoto et al. [22] performed 27G PPV with air or SF6
tamponade for patients with RRD, and facedown positioning was

required for at least 7 days after surgery. Xuemei Liang et al. [12]
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found that 3-5 days of facedown positioning after air tamponade
was sufficient for the treatment of RRD of superior holes. Chen et al.
[19] performed PPV combined with air tamponade for 37 patients
with RRD, 5 of whom had inferior holes. Facedown positioning was
strictly required for at least 1 day after surgery, and the primary
reattachment rate was 100%. The 50 patients in this study all had
RRD with inferior holes, and facedown positioning was required
for 3-5 days after the operation, and then patients adopted a prone
or lateral head position, to keep the hole at the highest level. Our
primary reattachment rate was 98% supporting the conclusion
that air tamponade can greatly shorten the duration of facedown
positioning and relieve the pain of patients, while achieving a high

reattachment rate.

The failure of PPV for RRD is mainly caused by vitreous prolifera-
tion and missed or new holes. Therefore, all holes should be found,
and the vitreous body around holes, degenerated areas, and the pe-
ripheral basal vitreous body, especially the vitreous body within the
range of retinal detachment, should be removed as much as possi-
ble. If there is preretinal or subretinal proliferation, intraoperative
release is required. If the retina can be completely released and lie
completely flat in the gas-filled state after gas-liquid exchange, then
air tamponade can be used. If there is retinal thickening, intrareti-
nal proliferation, shortening of the retina, anterior displacement,
and so on, which may require retinal incision to be completely re-
leased, then silicone oil tamponade is still recommended. In this
study, there were 7 patients with grade C1-2 PVR and fixed retinal
folds. After intraoperative removal of preretinal or subretinal pro-
liferation, the retina could be fully released. All patients still under-
went air tamponade, and there was no retinal redetachment after

reattachment.

In conclusion, treatment of RRD with inferior holes, even with CD,
PPV with air tamponade can be highly successful provided the retina
can be fully released during surgery, and there can be proper han-
dling of the vitreous body around degenerated areas and holes and
all holes closed. Additional advantages of air tamponade included
the reduction in the use of silicone oil, shortening the duration of
facedown positioning, and reduced incidence of postoperative high

intraocular pressure.
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