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Purpose: To compare air tamponade and sulfur hexafluoride (SF6) gas tamponade during vitrectomy for the treatment of rhegma-
togenous retinal detachment (RRD).
Methods:We reviewed 294 eyes with RRD treated with 25-gauge vitrectomy by a single surgeon between June 2011 and April 2018
retrospectively. The exclusion criteria for the proposed air tamponade selection were more than 2 weeks since onset, giant retinal tears,
history of complications following cataract surgery, high myopia, and proliferative vitreoretinopathy classified as grade C or higher.
We examined the differences in the therapeutic effect between the air group and SF6 group at 6-month follow-up.
Results: A total of 294 eyes were included in the study, 156 eyes in the air group and 138 eyes in the SF6 group. No difference was
observed in the primary anatomical success rates between the air group (99.4%; 155/156 eyes) and the SF6 group (96.5%; 135/138
eyes; P = 0.102). Postoperative intraocular gas half-life was shorter in the air group (3.97 ± 0.87 days) compared with the that in the
SF6 group (8.67 ± 1.47 days; P = 0.0001). The incidence of postoperative ocular hypertension was lower in the air group (19.9%; 31/
156 eyes) than in the SF6 group (62.3% 86 /138 eyes; P = 0.0001).
Conclusion:We compared the criteria for proper selection between air and SF6 gas tamponade during vitrectomy for the treatment of
RRD. Air tamponade was able to reduce the period of prone position and the risk of ocular hypertension without reducing the
therapeutic effect.
Keywords: air tamponade, rhegmatogenous retinal detachment, sulfur hexafluoride gas tamponade, vitrectomy

Introduction
Rhegmatogenous retinal detachment (RRD) is a serious retinal disorder that can lead to blindness. The best treatment
technique has been debated by ophthalmologists. Because RRD treatment had changed continuously, these changes need
to be frequently evaluated. Several studies have reported an increase in the uses of pars plana vitrectomy (PPV) for
treating eyes with RRD.1–4 The Japan Retinal Detachment Registry revealed that in 2016 and 2017, vitrectomy was
employed for RRD treatment in 77.8% of cases.5,6

However, PPV for RRD treatment has some disadvantages, including limitations in its day-to-day use due to gas
tamponade. Typically, long-acting gases (LAGs), such as sulfur hexafluoride (SF6) and octafluoropropane (C3F8), have
been chosen for tamponade. However, several studies have demonstrated the effectiveness of room air tamponade for
RRD treatment for reducing patient discomfort.7–10 Although air tamponade has advantages, such as early discharge,
surgeons are sometimes hesitant to use it due to the lack of patient selection criteria.

In the European Vitreo-Retinal Society Retinal Detachment study, RRD was classified as complicated retinal
detachment (RD) and uncomplicated RD according to the degree of severity.11–14 The choice of tamponade for RD
should be individualized based on the location and characteristics of RD, expected patient compliance with postoperative
positioning requirements, and other factors.15 We considered that it is easy for surgeons to select air tamponade for cases
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with RD that is relatively mildly severe. Moreover, we created an air tamponade selection criterion. The purpose of this
study was to investigate the proper use of tamponade by comparing the effectiveness of both air tamponade and SF6 gas
tamponade during vitrectomy for treating RRD in our proposed criteria.

Materials and Methods
Between June 2011 and April 2018, 907 RRD eyes were treated by a single surgeon at Yamagata University Hospital. Of
these, 359 RRD eyes were treated with scleral buckling and 548 RRD eyes were treated with pars plana vitrectomy. In this
study, relatively mildly severe RRD cases were defined as follows: less than 2 weeks since onset, no giant retinal tears, no
history of complications following cataract surgery, no high myopia, and no proliferative vitreoretinopathy classified as grade
C or higher. These were the inclusion criteria aimed at the proposed air tamponade selection. Of the 548 RRD eyes treated with
vitrectomy, we conducted a retrospective analysis of 294 RRD eyes met this inclusion criteria. Figure 1 is shown the flow of
patients through the study. Enrolled patients were divided into two groups: the air group comprised patients on whom air
tamponade was used, and the SF6 group comprised patients on whom SF6 gas tamponade was used.

All patients were treated by hospitalization, and all work was approved by the institutional review board of Yamagata
University Faculty of Medicine. The procedure conformed to the tenets of the Declaration of Helsinki. All data were
fully anonymized before we accessed them, and the institutional review board waived the requirement for informed
consent. Patients or the public were not involved in the design, or conduct, or reporting, or dissemination of our research.

The following variables were analyzed: sex, age, number of retinal breaks, location of retinal breaks, number of quadrants
involved, presence or absence of macular detachment, lens status, time course changes in postoperative intraocular gas half-
life, presence or absence of postoperative ocular hypertension by measuring intraocular pressure (IOP), primary anatomical
success rate, and final anatomical success rate. Primary success was defined as having no additional surgery by 6months. Final
success was defined as the retina being repositioned at 6 months. The half-life was defined as the number of days until the gas
interface reached the center of the optic disc in a fundus examination conducted daily. Postoperative IOP was measured every
day during the hospital stay. Postoperative ocular hypertension was defined as an IOP of ≥22 mmHg. Lower breaks were
defined as retinal breaks located between four and eight o’clock in the detached retina.

Surgical Procedure
Retrobulbar anesthesia was administered using 6 mL of mixed 2% lidocaine and 0.5% levobupivacaine. We used the 25GPPV
wide-angle noncontact viewing system (Resight®; Carl Zeiss Meditec AG, Jena, Germany) with the Constellation Vision
System (Alcon Laboratories, Inc., Fort Worth, TX, USA) or EVAvitrectomy system (DORC, Zuidland, The Netherlands). We
created three cannulas with conjunctival displacement and oblique-angled sclerotomies in the inferotemporal, superotemporal,

Figure 1 Flow of patients through the study.
Abbreviations: RRD, rhegmatogenous retinal detachment; SB, scleral buckling; PPV, pars plana vitrectomy.
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and superonasal quadrants 3.0 to 4.0 mm posterior to the limbus. Before vitrectomy, all phakic eyes underwent phacoemulsi-
fication and intraocular lens implantation (PEA + IOL) with sclerocorneal incision using the same machine. After core
vitrectomy, vitreous gel was visualized with an injection of triamcinolone acetonide (MaQaid, Wakamoto Pharmaceutical,
Tokyo, Japan) during mid peripheral vitrectomy. The peripheral vitreous gel was then carefully shaved for 360° with scleral
indentation. Peripheral vitreous shaving was performed up to the vitreoretinal angle formed by the retina and peripheral
posterior vitreous detachment near the vitreous base.16–18 In all the cases, internal drainage of subretinal fluid was performed
through a pre-existing retinal break. Internal drainage retinotomy was not performed. All RDs were restored intraoperatively.
To completely surround all retinal breaks, we applied retinal photocoagulation. At the end of the surgery, the eyes of the SF6
group were flushed with prepared 50-mL nonexpansile 18% SF6 gas syringe to ensure complete exchange. All sclerotomy
sites were closed with 8–0 Vicryl suture to prevent postoperative hypotony. All patients were treated by hospitalization and
had a daily fundus examination after the surgery. We encouraged all patients to assume a prone position following surgery and
to remain prone until the intraocular gas concentration was reduced in half. Subsequently, all patients were permitted to
assume any position, except for the supine position, until the intraocular gas disappeared.

Statistical Analyses
We used Fisher’s exact test and Mann–Whitney U-test for the statistical analysis. Statistical significance was set at P
<0.05 for all analyses. Analyses were conducted using PASW Statistics 18 (SPSS Inc., Chicago, IL, USA).

Results
A total of 294 eyes were included in the study, 156 eyes from the air group and 138 eyes from the SF6 group. The patient
characteristics are presented Table 1. There were 51 women in the air group and 37 women in the SF6 group (P = 0.308). The
mean ± standard deviation (SD) age was 61.3 ± 8.1 years in the air group and 63.6 ± 9.8 years in the SF6 group (P = 0.0114).
The mean ± SD number of retinal breaks was 1.6 ± 1.0 in the air group and 1.7 ± 1.0 in the SF6 group (P = 0.1615). A total of
29 eyes (18.6%) in the air group and 45 eyes (32.6%) in the SF6 group involved lower breaks (P = 0.007). The mean ± SD
quadrant of RDwas 1.6 ± 0.6 in the air group and 1.9 ± 0.8 in the SF6 group (P = 0.00076). A total of 57 eyes (36.5%) in the air
group and 75 eyes (54.3%) in the SF6 group involved macular detachment (P = 0.0023). There were 137 phakic eyes (87.8%)
in the air group and 95 phakic eyes (68.8%) in the SF6 group (P = 0.0001). The primary success rates were similar between the
air group (99.4%; 155/156 eyes) and SF6 group (96.5%; 135/138 eyes; P = 0.102). The postoperative intraocular gas half-life
was shorter in the air group (3.97 ± 0.87 days) than in the SF6 group (8.67 ± 1.47 days; P = 0.0001). The incidence of
postoperative ocular hypertension was lower in the air group (19.9%; 31/156 eyes) than in the SF6 group (62.3%; 86/138
eyes). Table 2 shows the primary success rate depending on the location of the break, lens status and quadrant of RD. No

Table 1 Patient Characteristics and Results

Characteristic Air Group (n = 156) SF6 Group (n = 138) P-value

Age (years), mean ± SD 61.31 ± 8.11 63.64 ± 9.79 0.0114
Sex 0.308

Female 51 (32.7%) 37 (26.8%)

Male 105 (67.3%) 101 (73.2%)
Number of breaks, mean ± SD 1.58 ± 1.04 1.67 ± 0.99 0.1615

Lower break* 29 (18.6%) 45 (32.6%) 0.007

Quadrant of RD, mean ± SD 1.55 ± 0.59 1.88 ± 0.76 0.00076
Macula detachment 57 (36.5%) 75 (54.3%) 0.0023

Phakia 137 (87.8%) 95 (68.8%) 0.0001

Primary success** 155 (99.4%) 133 (96.4%) 0.102
Postoperative ocular hypertension*** 31 (19.9%) 86 (62.3%) 0.0001

Gas half-life (day), mean ± SD 3.97 ± 0.87 8.67 ± 1.47 0.0001

Notes: *Lower breaks were defined as retinal breaks located between four and eight o’clock in the detached retina. **Primary success was defined as having no additional
surgery by 6 months. ***Postoperative ocular hypertension was defined as an intraocular pressure of ≥22 mmHg in this study.
Abbreviations: SD, standard deviation; RD, retinal detachment; SF6, sulfur hexafluoride.
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difference was observed in the primary success rate between the air group and the SF6 group depending on the location of the
break, lens status, and quadrant of RD. Figure 2 presents the distribution of intraocular gas half-life in both the air group and
SF6 group. The median half-life was 4 days in the air group and 7 days in the SF6 group. The final success rates were 100% in
both the air group and SF6 group.

Discussion
In the tamponade selection for general RD, LAGs, including SF6/C3F8 and silicone oil, are commonly chosen for severe
cases and inferior break.15 Advances in vitreous surgery have resulted in attempts to select air tamponade over LAG for
repositioning the retina as well as alleviating patient discomfort.7–10 In 2013, Tan et al7 reported the effectiveness of air
tamponade for upper retinal breaks, and in 2015, Zhou et al8 demonstrated the effectiveness of air tamponade for lower
retinal breaks. However, the primary anatomical success rate in these studies ranged from 78% to 85%,7,8 and it seems
that the subjects included in the study were severe cases with some serious factors.

In this study, we focused on patients with RD that is relatively mildly severe. Moreover, we retrospectively validated
the use of air tamponade selection criteria. We believe that the selection criteria, which were found to be successful in
this study, could easily be used in routine RD treatment. In addition, one of the advantages of this study was the verified
number of cases, which was more than twice the number included in recent reports of air tamponade.9,10 In the air
tamponade selection criteria proposed in this study, including less than 2 weeks since onset, no giant retinal tears, no
history of complications of cataract surgery, no high myopia, and no proliferative vitreoretinopathy classified as grade C
or higher, air tamponade and SF6 gas tamponade had the same therapeutic effects. Recent studies of good therapeutic

Table 2 Primary Success Rate Depending on the Location of the Break, Lens Status and Quadrant of RD

Air Group SF6 Group P-value

Location of break
Upper break 99.2% (125/126) 95.7% (89/93) 0.1656

Lower break* 100% (29/29) 97.8% (44/45) 1

Lens status
Phakia 99.3% (136/137) 95.8% (91/95) 0.1608

Non-phakia** 100% (19/19) 97.7% (43/44) 1

Quadrant of RD 0.2133
1Q 100% (78/78) 100% (42/42)

2Q 98.6% (69/70) 93.6% (73/78)
3Q 100% (8/8) 100% (11/11)

4Q N/A 100% (7/7)

Notes: *Lower breaks were defined as retinal breaks located between four and eight o’clock in the detached retina. **Non-phakia includes pseudophakia and aphakia.
Abbreviations: RD, retinal detachment; SF6, sulfur hexafluoride; Q, quadrant.

Figure 2 Distribution of postoperative intraocular gas half-life (day) following vitrectomy for RRD between the air group and sulfur hexafluoride (SF6) group.
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outcomes reported primary anatomical success rates of 94.3% to 94.4%,9,10 but the air selection criteria might have
included more severe cases of RD, as compared with our criteria. In addition, because the treatment in our study was
performed during hospitalization, it is possible that the patients’ ability to maintain a rest level was more advantageous
than with 1-day surgery. Taking all these factors into consideration, future studies should review the selection criteria for
air tamponade.

In this study, we were able to verify in detail that elevated IOP is a complication of air tamponade or SF6 gas
tamponade. Generally, it is believed that tamponade with room air has a lower probability of increased IOP compared
with LAGs, such as SF6 and C3F8.19 This study also revealed that the incidence of postoperative ocular hypertension
was lower in the air group. Although LAG is advantageous for the treatment of RRD due to long-term filling in the eye,
we demonstrated once again that it was disadvantageous to the air tamponade for increasing IOP. Postoperative ocular
hypertension was observed not only the day after surgery but also several days after (data not shown). Because IOP was
measured daily, we could collect the details of the occurrence of IOP. Ocular hypertension was transitory and treated only
with anti-glaucoma eye drops. It is an important clinical point to note that in this study, the use of tamponade in the eye
caused an increase in IOP of about 20% in air and about 60% in SF6. The results of this study indicate that the risk of
increased IOP can be greatly reduced by selecting air.

The half-life of the tamponade was about 4 days in the air and approximately 8 days for the SF6 gas. Thompson
et al19 reported an air half-life of 1.6 days and SF6 half-life of 2.8 days, which is shorter than the values reported in our
results. Our results suggest that the half-life of air and SF6 was long because vitreous shaving was performed as much as
possible and the three ports were sutured in all cases to prevent eye collapse. The results of longer half-life of air and SF6
may also be due to the fact that all the eyes in this study had phacoemulsification of the lens; therefore lens removal
increased the volume of space to hold the air or gas. In this study, regardless of the location of the retinal breaks or the
state of RD, the patients maintained the prone position until the intraocular gas concentration was reduced in half by the
uniform half-life. In addition, the nurse continually checked the patient’s position during hospitalization. Based on the
criteria of this study, the therapeutic effect is sufficient when the prone position is continued for about 4 days. Even if the
patient does not know whether he or she can properly maintain a prone position during surgery, it is necessary to verify
whether the air tamponade is effective. In addition, we hope that attempts will be made to shorten the period of prone
position.20,21

This study has several limitations. Pneumatic retinopexy is rarely performed in Japan, and we could not obtain data
on it. Due to the retrospective nature of the present study, some items, including the location of the retinal break,
quadrants of RD, lens status, and macular status, differed between the air group and the SF6 group. Future prospective
studies based on the results of the present research should provide further validation of the effectiveness of the air
tamponade.

In summary, we proposed the criteria for properly selecting between air tamponade or SF6 gas tamponade during
vitrectomy for the treatment of RRD. We found no differences in the therapeutic effect exhibited by air tamponade and
SF6 gas tamponade based on the proposed selection criteria for air tamponade. Furthermore, the incidence of elevated
IOP was lower with air tamponade than with SF6 gas tamponade. Future prospective studies should be conducted to
verify the therapeutic effect of air tamponade.
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