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SUMMARY

Aim: Retinal detachment is an acute sight-threatening condition that requires immediate surgical intervention. The aim of this study is to
compare the outcomes of pars plana vitrectomy (PPV) for uncomplicated rhegmatogenous retinal detachment (RRD) between the different
types of gases used, the position, and the number of tears.

Material and Methods: This is a retrospective non-randomized comparative study of patients with uncomplicated RRD treated at the Depart-
ment of Ophthalmology from March 2018 to April 2021 using PPV. A total of 494 evaluated eyes were included in the study. The anatomical
success of the surgery was monitored with regard to the extent of retinal detachment, the number and position of tears, and the tamponade
used.

Results: The success rate of retinal reattachment with a single operation was 90.7% (448 eyes), and the final anatomical success rate was
100%. A very weak paired relationship was found between the success of the surgery for tears in the 4-8 hours region and the 9-3 hours re-
gion (89.1% vs. 92%). Similarly, no significant differences were observed between procedures using SF6 and C3F8 gases for RRD with a tear in
the 4-8 hours region (success rate 93.4% for SF6 vs. 89.1% for C3F8). The average postoperative improvement of best corrected visual acuity
was 29.6 ETDRS letters, and a gain of 15 letters was recorded in 55.1% (272 eyes). Overall, the complication rate was very low.

Conclusion: PPV is a safe and effective method for treating RRD. Extensive experience with this method allows the use of short-acting tam-
ponades in selected patients.
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INTRODUCTION

Rhegmatogenous retinal detachment (RRD) is an acute
sight-threatening condition that usually requires surgical
intervention without unnecessary delay. A number of sur-
gical procedures are known for treating RRD, which include
external approaches or e.g. pneumatic retinopexy, althou-
gh pars plana vitrectomy (PPV) has become the method
of choice at most centers due to its speed, safety and the
relatively fast learning curve for inexperienced surgeons.
Furthermore, the development of suture-free vitrectomy
and advances in surgical techniques and equipment have
made PPV very popular among surgeons [1,2]. Neverthe-
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less, discussions are still ongoing regarding the optimal
approach to PPV. Our aim was to evaluate the anatomical
outcome with regard to the number and position of tears,
the extent of detachment and the tamponade used.

MATERIAL AND METHOD

This is a retrospective non-randomized comparative
study of consecutive cases operated on for RRD at the
Department of Ophthalmology at Krélovské Vinohrady
University Hospital in Prague. The cohort included all
cases of RRD treated with 25- or 23-gauge PPV with gas
or silicone oil tamponade, without the use of external



methods, in the period from March 2018 to April 2021.
A total of 699 cases operated on by three experienced
surgeons were included in the study. Of these, 152 eyes
from our center or referential clinics were excluded befo-
re commencing the study due to previous unsuccessful
PPV (72 cases from referential clinics and 80 cases from
our center; note: one eye may have been operated on re-
peatedly). We further excluded 53 eyes with proliferative
vitreoretinopathy (PVR) stage C or higher, patients with
previous perforating ocular trauma and with an observa-
tion period of less than three months. The anatomical
success of the surgery was monitored with regard to the
extent of retinal detachment, the number and position of
tears, and the tamponade used. On the other hand, our
cohort included cases with a giant tear or patients with
hypotonia or ablation of the choroid. A total of 494 eyes
were evaluated, of which 194 were eyes of women and
300 were eyes of men. The mean age of the patients was
59.9 (median 59.3) years. In 194 cases the eyes were ar-
tephakic and in 299 cases phakic.

In our cohort we evaluated the anatomical success
rate of surgery depending on the number and position
of tears and the tamponade used. All the patients sig-
ned an informed consent form before undergoing sur-
gery. The study protocol was governed by the principles
of the Helsinki declaration.

The preoperative and postoperative evaluation incor-
porated examination on a slit lamp and biomicroscopic
examination of the ocular fundus with the purpose of
determining the extent of RRD, the localization and
number of retinal tears, classification of preoperative
PVR and also assessment of the postoperative conditi-
on of the retina. A fundamental observation parameter
was the frequency of reattachment of the retina during
a single operation.

Surgical technique

All the patients underwent three-port 25- or 23-gauge
PPV. The instrument used was a Constellation® (Alcon,
Fort Worth, TX, USA) with Ultravit® probe, with a cutting
speed from 5000 to 7500 cuts/min. In all cases ports
with flaps preventing perioperative turbulence of the
fluid and hypotonia of the eyeball were used. A Leica
PROVEO (Leica, Switzerland) microscope was used for
visualization of the retina, with the wide-angle visuali-
zation system Biom (Oculus, Germany). After the perfor-
mance of core vitrectomy and subsequent basectomy
of the peripheral vitreous with assistance of scleral in-
dentation by a light probe, depressor or finger, remo-
val of the base of the vitreous around the retinal tears
was performed, as well as removal of suspected lesions
or retinal degenerations. This was followed by replace-
ment with air in endodrainage of the subretinal fluid
through the retinal tear with the aid of a Charles Flu-
te (Alcon, Fort Worth, TX, USA) cannula or a vitrectomy
probe without cutting. The retinal tears were usually
treated by cryopexy, less frequently by endolaser, and
the scope of treatment depended on the surgeon’s de-

cision. In all cases the tamponade used was either 20%
sulfur hexafluoride gas (SF6) (Alchimia, Italy), 15% octa-
fluoropropane gas (C3F8) (Alchimia, Italy), or silicone oil
(SO). The choice of tamponade was entirely within the
competence of the surgeon, nevertheless at our center
on a general level we prefer to use SF6 for patients with
a retinal tear in the superior quadrants and C3F8 for pa-
tients with a tear in the inferior quadrants. We use SO
relatively more often for patients undergoing surgery
on the only seeing eye, in cases of multiple or giant te-
ars primarily in the inferior quadrants, or upon the pre-
sence of higher stages of PVR. However, we also took
further factors into account: presence and localization
of other degenerations, ability of patients to position
themselves after surgery, or condition of the other eye.
At the end of the operation, we check ocular pressure
and the tightness of sclerotomy. In the case of leakage
of the tamponade we perform scleral massage or imple-
ment a Vicryl 8-0 suture (Ethicon, Johnson & Johnson
Int), and subsequently supplement the tamponade.

Specific customs of center

In the case of phakic patients we do not usually remo-
ve the anterior vitreous membrane (due risk of damage
to lens, thus retaining a barrier between the lens and
the vitreous cavity). In the case of presence of vitreoreti-
nal pathology (epiretinal membrane /ERM/, macular hole
/MH/) we perform staining of these structures with the aid
of brilliant blue (Ocublue, Aurolab, India), with subsequent
peeling. We use perfluorodecalin (Arcaline, Arcadophta,
France) relatively rarely, rather for stabilization of the pos-
terior pole and to facilitate peripheral removal of the vitre-
ous with a lower risk of iatrogenic retinal tear, but almost
never in order to attain complete removal of the subretinal
fluid, even in patients in whom certain surgeons were con-
cerned about the formation of a retinal pucker in the ma-
cula. In cases where no retinal tear was found, retinotomy
was performed with the aid of vitrectomy knife.

Statistics

With regard to its origin, our dataset cannot be conside-
red a random sample from a clearly defined population,
which led us to use tools of descriptive statistics. Analyses of
paired comparison were used for an evaluation of the relati-
onships between the variables within the analyzed dataset.
In our analysis we therefore abide by the recent recommen-
dations and heed calls to suppress any excessive role of sta-
tistical significance in scientific publications [3,4].

It is necessary to point out that the performed analy-
sis does not enable “direct” causal conclusions, because
the observed paired (statistical) relationships are not
(and cannot be) purged of the influence of other factors
which influence the relationship. In other words, the
results of this analysis should not (cannot) be viewed
as any kind of “evidence” concerning the existence (or
nonexistence) of causal relationships. On the other
hand, on the basis of the available dataset, the results
presented in this article show detailed (paired) relation-
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ships, which are the subject of interest. The entire analy-
sis was performed within the RStudio program.

RESULTS

Fundamental parameters of cohort of cases

Within the context of retinal detachment, we most
frequently recorded affliction of 2-3 quadrants (66.6%),
total detachment was present in almost one quarter of
eyes (22.5%), and only one quadrant was affected in
11% of the patients operated on. Most commonly one
tear was present, as represented in Graph 1. “Number
of tears 10" appears here relatively more often, which is
caused by rounding up the number when filling out the
operation protocol rather than a real anomaly of this
number. Number of tears “0” represents a condition in
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Relative frequency
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which we were unable to identify any tear.

Surgical technique

Our surgical technique has been described above [5];
here we present the relative frequency of the indivi-
dual used modalities. The operations were performed
by three experienced vitreoretinal surgeons. All three
surgeons have a relatively comparable number of ca-
ses (173, 176 and 155) as well as results (Graph 2), in
which there is only a weak paired relationship between
the surgeon and the success rate of surgery within the
analyzed cohort. In 94.5% (n = 467) of cases we used 25
gauge PPV, in 93.5% (n = 462) of cases we used cryopexy
for treatment of the retinal tear, in 30.8% (n = 152) of ca-
ses we used laser photocoagulation (either for primary
treatment of the tear or as adjuvant circular treatment
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Graph 2. Single surgery success rate by operator
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(17.6%, n = 87) within the framework of prevention orin
the case of suspected vitreoretinal lesions such as e.g.
lattice degeneration), in 11.8% (n = 58) of cases we used
decalin. We had to perform retinotomy in 10.3% (n=51)
of cases, and suture of sclerotomy in 12.9% (n = 58) of
cases. In more than half of the operations we used SF6
as a tamponade (52%, n = 257), less often C3F8 (38.9%,
n=192) or SO (9.1%, n = 45).

Visual acuity

A detailed analysis of changes of visual acuity is not
the subject of this article, nevertheless the average gain
of letters on ETDRS optotypes was 29.6 letters, in which
this was naturally higher in the group with detached
macula (42.1 letters) than in the group with a lying ma-
cula (10.8 letters).

100% -

Morphological parameters

Graph 3illustrates the correlation between the number
of affected quadrants and the success rate of the opera-
tion. There is a medium-strong correlation here between
the number of affected quadrants and the success rate.
The greater the extent of retinal detachment, the lower
the success rate of the operation - failure 3.7% (n = 18) in
the case of affliction within the extent of one quadrant vs.
18% (n = 90) failure rate in total detachment.

The success rate of surgery according to localization
of the tear is of interest. Here only a very weak relati-
onship was demonstrated between localization of the
tear and the success rate of the procedure — success
rate 92% (n = 274) for tears in the superior quadrants
vs. 89.1% (n = 220) for tears in the inferior quadrants,
summarized in Graph 4.
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The last evaluated morphological factor was the number
of identified tears. As is evident in Graph 5, here there is no
relationship between the number of tears and the result
of the operation. There is a relatively lower success rate in
the region of 3-4 tears, nevertheless primarily in the group
with three tears there are relatively fewer observations,
and this may concern an error due to the small numbers.

Tamponade

The final evaluated parameter was the influence of
tamponade on the result of surgery. The frequency of
use of individual types of tamponades is summarized in
Graph 6, where we see a substantial shift from SF6 gas,
which we choose more often in the case of “retinal deta-
chment from above” due to its relatively quick absorpti-
on, to CF38 gas (or SO) in the case of “retinal detachment

100% -

from below”, where we tend to choose a longer-acting
tamponade. In our cohort overall, the best results were
achieved with SF6 gas, while by contrast worse results
were produced in the case of tamponade with silicone oil.

An interesting finding is offered by a comparison of the
individual types of tamponade with regard to localization
of the tear. No relationship exists within the analyzed da-
taset between the success rate of the operation and loca-
lization of retinal tear in the case of 15% C3F8 tamponade,
and only a weak relationship in the case of SF6 20% tam-
ponade or SO. In the case of use of SF6 the success rate of
the operation is even slightly higher in the case of a retinal
tear in the 4-8 hours region than in the case of a retinal
tear in the 9-3 hours region. The characteristics of the ana-
lyzed dataset are thus at variance with the hypothesis that
the use of 15% C3F8 is better in the case that a retinal tear
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Graph 5. Single surgery success rate by number of retinal tears
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is located in the 4-8 hours region. The rate of successful
operations with SF6 tamponade is 97.2%, compared with
only 88.9% with C3F8 tamponade and 80.6% with SO tam-
ponade. The data is summarized in Graph 7.

DISCUSSION

In our cohort we achieved successful reattachment of
the retina within a single operation in 90.7% of patients,
which is in accordance with the previous studies incor-
porated into the meta-analysis of the authors Eshtiaghi
et al. [6], where the success rate of a single operation
was on the level of 86.3%. At the end of the observed
period, the anatomical success rate was 100%.

In 2022 Glovers et al. [7], as well as others [8,9], pub-
lished a relatively extensive cohort of patients operated
on for RRD exclusively with the aid of air tamponades,
regardless of the extent or localization of the tear, with
analogous results as in the case of SF6 or C3F8 gas tam-
ponades. The data from the authors Glovers et al. are the
result of operations performed by a single surgeon, who
in cases of RRD first entirely desisted from the use of C3F8
(in 2018) and subsequently also SF6 (in 2020). The only
significant difference from the technique we described
was the performance of securing laser photocoagulation
within the range of 360 degrees in each individual case
at the conclusion of the operation. With regard to the use
of tamponades our approach is more traditional, because
we always use at minimum tamponade with fluorocar-
bon gas, and we never rely only on air. However, our re-
sults indicate that gas tamponade with SF6 could be an
appropriate choice also for cases involving a retinal tear
in the inferior parts of the retina. The higher success rate
of SF6 in retinal detachment from below is nevertheless
due among other factors to the absence of randomizati-
on, in which we evaluated the condition of the retina pe-

rioperatively and above all estimated whether patients
would be able to properly position themselves.

It is universally accepted that firm adhesion of the re-
tina and retinal pigment epithelium in the place of the
tear is formed approximately 24 hours after the per-
formance of the procedure, and the role of long-term
tamponade is therefore contentious [10]. In contrast
with this, we believe that positioning the patient face-
-down or on the opposite side from the tear after surgery
could be an important factor in order to achieve success-
ful results. However, thorough adherence to this position
of the patient remains unclear [11]. Our approach also re-
lies upon the effect of brief hospitalization, in which we
have the security that patients are under the supervision
of healthcare staff and emphasis is placed on rest and
positioning. Furthermore, we exhort our patients to be-
gin positioning themselves immediately after surgery,
when still in the operating theatre. We thereby involve
patients in the process of treatment and instill in them
a sense of the importance of strict adherence to correct
positioning as a critical component of the operation. In
the case of macular detachment, the aforementioned
Glovers et al. recommend positioning on the temporal
side of the affected eye 45 minutes after surgery (in order
to reduce the risk of retinal puckering), and subsequently
according to the position of the tear. If the tear is in the
superior quadrants, then positioning is not demanded.

Vingolo et al. [12] published the results of surgery in
outpatient vs. hospitalized patients, in which 4.2% of
eyes operated on in outpatient regime failed, in com-
parison with 1.5% of patients who were hospitalized for
one night after surgery. Nevertheless, with the exten-
sion of hospitalization the incidence of repeat retinal
detachment increased. This may be due to the retro-
spective character of the cohort, in which patients were
discharged immediately after the first night in the case
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of an uncomplicated procedure, whereas patients who
were hospitalized for longer probably remained there
due to some kind of complication.

A different perspective on this issue is presented by Zhou
et al. [13]. The authors analyzed cases of repeat retinal
detachment, in which the chief cause was a new or overlo-
oked tear, which represented 48.9% of repeat detachments
(this part of failed procedures could theoretically be elimi-
nated by the use of the aforementioned 360-degree laser
barrage, nevertheless we do not make use of this procedure
at our clinic). Repeat opening of an original tear occurred in
43.8% of cases, and proliferative vitreoretinopathy was the
cause of repeat detachment in 7.3% of cases. The median
period until recurrence caused by repeat opening of an ori-
ginal retinal tear was 18 days, which supports the hypothe-
sis that the adhesive power between the retina and RPE in
the initial days after surgery may not be sufficient, and that
a temporary restriction of physical activity could therefore
be beneficial. The published data also reinforce the impor-
tance of careful perioperative evaluation of the retinal peri-
phery; in our case we perform scleral indentation upon each
operation, in which we investigate for further tears or tracti-
ons which we may have originally overlooked.

CONCLUSION

Pars plana vitrectomy is a reliable and repro-
ducible method for the treatment of RRD. From
the published data and according to the lite-
rature it appears that it is possible to use also
shorter-acting gases, ideally air, without any incre-
ased risk for patients. This could be of great benefit
to patients by shortening the time of their convales-
cence and reducing the risk of progression of cata-
ract. In addition, due to the higher frequency of po-
stoperative follow-up examinations shortly after the
procedure, any repeat retinal detachment is diagno-
sed earlier. We also must not overlook the reduction
of the risk of falling for older patients, which may be
caused by the absence of spatial vision upon the use
of long-term tamponades. Further auspicious be-
nefits are the reduction of costs for surgery and the
elimination of the use of highly potent greenhouse
gases. For these reasons, and with reference to the
results of this study, at our center we are partially
transitioning to air tamponade for patients with re-
tinal detachment.
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