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Purpose: Evaluation of the effectiveness of pneumatic vitreolysis in disrupting vitreomacular traction in our own cohort of patients.

Methodology: Prospective follow-up of 21 eyes of 18 patients with focal VMT (adhesion width < 1500 pm) who underwent intravitreal injection of
0.3 ml of 100% perfluoropropane between January 2015 and December 2020. The patients were observed for 90 days.

Results: Release of VMT was achieved on the 28th day of observation in 15 out of 21 eyes (71.4%), and by the 90th day in 19 out of 21 eyes
(90.5%). The average width of adhesion in our patients was 382 um (+£212 pm). Average best corrected visual acuity in our cohort was initially 0.77
(£0.21), after 28 days 0.74 (+0.30), and after 3 months 0.82 (+0.21). At the end of the follow-up period, we did not observe a statistically significant
improvement in vision. Macular holes developed in two eyes, but spontaneously closed within T month of observation, and no more complications
were observed in the cohort.

Conclusion: Pneumatic vitreolysis by intravitreal injection of C3F8 gas is an effective and inexpensive option for the management of symptomatic
vitreomacular traction. The incidence of serious adverse events in our follow-up was significantly lower than in recently published series. The
method of management should be selected individually according to the parameters of adhesion, macular hole and associated ocular pathologies.
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INTRODUCTION

Vitreomacular traction (VMT) ranks within the spec-
trum of disorders of the vitreoretinal interface, i.e., pat-
hologies on the level of the posterior vitreous membrane
and the internal limiting membrane of the retina, in the
region of the macula. A pre-stage of VMT is vitreomacular
adhesion (VMA), wherein upon detachment of the vitre-
ous as part of the normal aging process, the connection
of the posterior vitreous membrane with the retina per-
sists in the region of the foveola, but the cytoarchitecture
is not disrupted. In the case of VMT, disruption of the ar-
chitecture of the layers of the neuroretina takes place by
means of traction of the vitreous. VMT may occur in iso-
lated form, and in such a case is referred to as idiopathic
vitreomacular traction syndrome. VMT and VMA may also
be a component of other pathological conditions, for
example cystoid macular edema (CME), lamellar defect,
complete macular hole (MH), macular pucker or diabetic
macular edema (DME) [1,2]. It is estimated that approxi-
mately 1.5% of the population is affected by ocular pat-
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hologies associated with VMA, and its annual incidence
in the USA is 0.6 per 100 000 eyes [3].

The current approaches to symptomatic VMT include
observation, pars plana vitrectomy (PPV), intravitreal ap-
plication of ocriplasmin (Jetrea; TromboGenics NV, Leven,
Belgium) and pneumatic vitreolysis (PVL). Each of these
methods has its advantages and disadvantages. Observa-
tion is a non-invasive procedure. Opinions on the frequen-
cy of spontaneous release of vitreomacular traction differ
according to the available studies. Hikichi et al. described
complete detachment of the posterior vitreous in only
11% of eyes during observation, which for the majority of
eyes was over a period of between 1 and 3 years. In 64%
of eyes a deterioration of visual acuity (VA) was recorded
by 2 rows on a Snellen chart [4]. John et al,, in their study
using OCT, described a markedly higher degree of spon-
taneous release of VMT. Their average observation period
was 2 years, in which they observed release in 32% of eyes,
demonstrated stability of visual acuity during the observa-
tion period and a relatively low percentage of cases with
progression to the more severe form (16%) [5]. To date it
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is not possible to reliably predict the course towards spon-
taneous release of VMT, or conversely towards the occur-
rence of complete MH. For this reason, observation is not
the best choice for all cases of VMT, and remains reserved
rather for cases of less advanced stages of VMT [6]. By con-
trast with observation, PPV represents the most invasive
solution, which, though it has the potential to achieve re-
lease of VMT in the majority of patients and still remains
the treatment of first choice in this indication, also entails
a considerable financial burden and involves risks such as
intraocular infection, retinal tears or retinal detachment, or
progression of cataract.

Pharmacological vitreolysis by means of intravitreal
application of ocriplasmin is a more recent and less in-
vasive solution, which was approved for patients with
VMT syndrome by the FDA (US Food and Drug Agency)
in October 2012[7]. Ocriplasmin is a recombinant trun-
cated version of human plasmin, which cleaves laminin,
fibronectin and type 4 collagen, generating liquefaction
of the vitreous and helping release and dissolve vitre-
ous adhesion to the retina [8]. Although in the study Mi-
croplasmin for Intravitreous Injection-Traction Release
without Surgical Treatment (MIVI-TRUST) the authors
demonstrated a higher degree of release of VMT after
a single intravitreal injection of ocriplasmin in compari-
son with an injection of physiological solution (26.5% vs.
10.1%), the success rate for release of traction is never-
theless far lower than in the case of PPV [9]. The method
is burdened by adverse side effects such as transitional
loss of sight, subluxation of the lens, changes of electro-
retinogram, changes of the ellipsoid zone of the retina,
dyschromatopsia etc. [10]. Furthermore, treatment with
ocriplasmin, similarly to PPV, is relatively expensive.

The last method for release of the posterior vitreous is
injection of expansive gas. Over the course of 24 to 48
hours, a bubble of 100% SF6 gas expands to approxima-
tely double the injected volume, and remains in the eye
for 1 to 2 weeks. Over the course of 72 to 96 hours, a bub-
ble of C3F8 gas expands to approximately four times its
original volume, and remains within the vitreous cavity
for 6 to 8 weeks. This method was described by Chan et
al.in 1995 on a group of patients with complete macular
hole with VMT, with the use of C3F8 gas, in which they
achieved a 96% success rate in release of VMT and a 57%
success rate in closure of small stage 2 MH [11]. The suc-
cessful use of this method was later reported in 2001 by
Cost et al., in 2006 by Jorge et al., with a 100% success
rate in release of vitreomacular traction and an 83% suc-
cess rate in the closure of stage 2 MH [12,13]. 1n 2007 Mori
et al. published a series of cases with the use of SF6 gas
and positioning, with a similarly high success rate: 95%
in release of VMT and 50% in closure of MH [14]. In 2013
Rodrigues et al. conducted a study on idiopathic VMT
syndrome with the use of C3F8 gas. The success rate in
release of VMT was 40% after one month and 60% within
six months [2]. In 2019 our colleagues from the Kralovské
Vinohrady University Hospital published a cohort of 14
eyes with VMT with a high success rate in release of tra-
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ction following the application of C3F8. Within 28 days
traction was released in 84.6% of eyes, and over the ob-
servation period in total in 92.9% of eyes. The average
visual acuity of the observed cohort demonstrated a sta-
tistically significant improvement [15].

At our center we conducted a prospective observati-
on of 21 treatment naive eyes with VMT over the course
of 3 months, in which intravitreal application of per-
fluoropropane was performed (C3F8).

MATERIAL AND METHODS

The study describes a prospective conceptual series of
21 eyes of 18 patients with VMT who underwent intra-
vitreal application of perfluoropropane during the peri-
od from January 2015 to December 2020. The study was
conducted in accordance with good clinical practice with
respect to the Helsinki declaration, and was approved by
the ethical commission of the Military University Hospital
in Prague. Written informed consent was obtained from all
the participants, each of whom had the option of leaving
the study at any time without explanation. Our observa-
tion cohort comprised 4 men and 14 women within the
age range of 52-90 years (average 74 £8 years). 7 out of 21
eyes were phakic. The patients underwent an identical ba-
seline examination, and subsequently a follow-up on the
1st, 7th, 28th and 90th day after application. The inclusion
criteria for the study were as follows: VMT up to 1500 um
(focal type) within a radius of 3000 um from the fovea, de-
monstrated by optical coherence tomography (OCT), and
age of over 50 years. The exclusion criteria were a medical
history of intravitreal injection with ocriplasmin, medical
history of intravitreal administration of any pharmaceu-
tical, presence of wet form of age-related macular dege-
neration, DME, CME, MH, retinal vein occlusion, glaucoma
and myopia of more than 6 diopters. The primary end-
point was to determine success of release of VMT in the
1st and 3rd month after application of the expansive gas
C3F8, and the secondary endpoint was to evaluate resul-
ting best corrected visual acuity (BCVA), the development
of intraocular pressure during the course of observation,
to determine the time scale of disappearance of the gas
bubble from the vitreous, and to evaluate the quantity
and type of complications of the procedure during the fol-
low-up period of the study. The demographic data, funda-
mental characteristics and characteristics after treatment
are summarized in Table 1.

All the follow-ups incorporated an examination of best
corrected visual acuity according to a Snellen chart (Auto
chart projector ACP 8, Topcon, Japan), biomicroscopy of
the anterior and posterior segment (Slit lamp Topcon
and Zeiss), non-contact tonometry (Auto kerato-refrac-
to-tonometer TRK-2P, Topcon, Japan) and OCT (Spectra-
lis OCT, Heidelberg Engineering, Heidelberg, Germany).

Mydriasis of the treated eye was attained by appli-
cation of phenylephrine 10% (Neosynephrin-POS 10%,
Ursapharm Arzneimittel Gmbh.) and tropicamide 1.0%
(Unitropic 1% gtt., Unimed Pharma).
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The procedure was performed in an outpatient regi-
men under topical anesthesia (Benoxi 0.4% gtt, Unimed
Pharma) in an operating theater. The surrounding area
of the eye and the conjunctival sac were disinfected
using Betadine solution (5% povidone-iodine soluti-
on in a dilution ratio of 1:16, Egis) within an operating
field covered with a sterile screen with an applied eye
speculum. We induced hypotonia of the eyeball by me-
ans of corneal paracentesis, and we then applied 0.2 ml
of 100% perfluoropropane (GOT Multi C3F8, Alchimia)
via a pars plana route. The application was performed
using a 30Ga needle at a distance of 3.5 mm from the
corneal limbus in artephakic eyes, and 4 mm from the
limbus in phakic eyes. At the end, an eye pressure check
was performed, potentially followed by reduction of the
pressure by the original paracentesis.

After completion of the procedure, rinsing with Betadine
solution was repeated, and Ofloxacine 5 mg/ml gtt.1x (Of-
taquix 0.05%, Santen OY) and Timolol 5 mg/ml gtt 1x (Aruti-
mol 0.05%, Chauvin) were also applied to the patients.

The patients were left with sterile covering until the
evening of the day of application. No regimen adjustments
were recommended, and no further anti-glaucomatous or
antibiotic medications were indicated after the procedure.
The application of gas was performed once only for all eyes.

RESULTS

According to the subsequent OCT examination (Figure 1),
release of VMT was achieved in 19 out of 21 eyes (90.5%). In
two eyes (9.5%) release was observed at a follow-up alrea-
dy on the 1st day after application, then after one week in

afurther 9 eyes (42.9%, total 52.5%), up to the 28th day after
application traction was released in a further 4 eyes (19%,
total 71.4%). After 3 months release had been achieved in
afurther 4 eyes (19%), while we did not succeed in releasing
VMT in 2 eyes (9.5%) with a single application of gas. The
average width of adhesion in our patients was 382 +212 um.
Average baseline BCVA in our cohort was 0.77 +0.21,
average BCVA after 28 days was 0.74 +0.30, and after 3
months 0.82 +0.21. We observed an improvement or sta-
ble BCVA after 1 and 3 months in 14 out of 19 eyes with
released VMT (improvement in 8 eyes, stabilization in
6 eyes), while visual acuity did not deteriorate further in
either of the eyes with persistent traction. Deterioration of
BCVA was observed in 5 eyes, in 4 of which by less than 1
row according to the Snellen chart, in one eye by 2 rows.
Elevation of intraocular pressure above 25 mmHg occur-
red in only one case at the 1st follow-up. The observed
values of BCVA and IOP are illustrated in Graphs 1 and 2.
Disappearance of the gas bubble was observed in 2
eyes after one week, in 10 cases after one month, in 8
patients the bubble disappeared within two months
and in one case it persisted even after three months.
We statistically analyzed the data in the group of pha-
kic and artephakic patients for the variables of BCVA
and IOP. We set the level of statistical significance at
p < 0.05. The normal distribution of the groups was te-
sted by a Shapiro-Wilk test and QQ graphs, the assump-
tions of homogeneity of variance and covariance were
tested with Levene’s test and Box's M test. 2 eyes were
excluded from the statistics due to incomplete data.
We analyzed the influence of measurement over
time and phakia on the BCVA and IOP values using the
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Graph 1. Visual acuity development during follow-up: DO - on the day of injection, D1 - 1st day after injection, D7 — one week after injection,

D28 - one month after injection, D90 - 3 months after injecton
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Figure 1. OCT sequence showing gradual vitreous detachment and
normalization of neuroretinal stratification after pneumatic vitreolysis
using C3F8 - (A) before intravitreal application, (B) one week after appli-
cation, (C) 1 month after application, (D) 2 months after application

ANOVA method, the assumption of sphericity was te-
sted by means of a Mauchly’s sphericity test.

We did not find a statistically significant influence of the
individual measurements over time on IOP, while the influ-
ence on BCVA was significant after applying correction of
lack of sphericity by Greenhouse-Geisser epsilon (GGe) and
Huynh-Feldt epsilon (HFe). We did not find a statistically sig-
nificant influence of the group on BCVA or IOP depending
on time, or an influence of time depending on the group.
We did not find a statistically significant influence of the
group on BCVA. We found a statistically significant influen-
ce of the group on IOP, which was significantly higher in the
group of artephakic eyes than in the group of phakic eyes.
Paired t-tests with Bonferroni correction demonstrated
a significant difference of BCVA between the follow-up exa-
mination on the 7th day and the follow-up examinations
conducted on the 28th and 90th day after the procedure.

During the course of the observation period we did
not observe any retinal tears, retinal detachment or
endophthalmitis. Complete macular hole appeared in
2 eyes in our cohort after PVL, closing spontaneously
within 1 month.

DISCUSSION
In our study we tested the safety and effectiveness of

pneumatic vitreolysis using C3F8 gas. Our success rate
in the disruption of VMT (71.4% after 28 days) roughly
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corresponds to the results published in the new me-
ta-analysis by Quiroz-Reyez et al. from 2023, who sta-
te an average degree of release of VMT of 46% using
ocriplasmin, of 68% using gas, and of 100% using
PPV [16]. The success rate of PVL can be influenced to
a certain extent by the selection of patients according
to the finding on OCT, which was published in 2013
by Rodrigues et al. They defined the following as pre-
dictive factors for a good anatomical response to tre-
atment: maximum horizontal vitreomacular adhesion
of less than 750 um, maximum foveal thickness of less
than 500 um, and low reflectivity of the vitreous [2]. In
eyes with all these characteristics, the anatomical suc-
cess rate was 100% in their study. Chan et al. identified
cellophane maculopathy and the presence of diabetes
mellitus as negative prognostic factors for the success
of the method. By contrast, in a one-dimensional analy-
sis they demonstrated a higher success rate of eyes with
the same or smaller scope of traction than the diame-
ter of the optic nerve papilla, in eyes with stage 2 MH
and in eyes not affected by diabetes [3]. In our cohort
traction was not released in an eye with traction width
of 255 um and manifestations of non-proliferative dia-
betic retinopathy, and in an eye with traction width of
581 um without associated diseases of the macula.

The success rate of PVL is also influenced by the type of
expansive gas or sterile air. In a retrospective study, Stein-
le et al. recorded an 84% success rate in the treatment
of VMT with the aid of C3F8 gas [17]. In a separate pre-
sentation, the same authors stated an 84% success rate
with C3F8 gas, followed by 56% with SF6 gas and 48%
with ocriplasmin in release of VMT in a comparative re-
trospective series of cases of treatment of VMT syndrome
(Steinle et al., unpublished data, ARVO 2016, Seattle, May
2,2016). In a prospective observation by Cokl et al. [18],
C3F8 was demonstrated to be more effective in tractions
with an adhesion width greater than 500 um, while in
a smaller scope the effect of both gases was comparable.
Gruchociak et al. later compared the application of 0.3 ml
of undiluted C3F8 gas and 0.3 ml of filtered air. Traction
was released in a total of 11 eyes out of 24 one month
after application, of which 7 out of 11 with application of
C3F8 (64%) and 3 out of 13 with application of air (23%).
This difference was statistically significant [19].

The influence of phakia on the success rate in release
of VMT has not been entirely demonstrated to date. Data
from studies with the use of ocriplasmin show a higher pro-
bability of successful release of VMT in phakic eyes than in
artephakic eyes [20,21]. In the case of PVL, no unequivocal
results have been published. Although Day et al. publis-
hed a cohort of 9 eyes, in which 5 were phakic (55.6%), re-
cording that VMT was disrupted in 80% of the phakic eyes
and only in 20% of the artephakic eyes, this result was not
statistically significant [7]. Claus et al. achieved release in
all 3 artephakic eyes, while by contrast release of VMT was
not achieved in 3 out of 17 phakic eyes [9]. Gruchociak et
al and Steinle et al. achieved comparable results in pha-
kic and artephakic eyes (Steinle 89% vs. 75%, p = 0.3173)
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[17,19]. Baumann et al. in their study from 2022 were the
first to record a statistically significant difference in favor of
artephakic eyes. release of traction was achieved in 100%
of artephakic eyes (10/10) and in only 67.6% of phakic eyes
(25/37, p = 0.03) [22]. In our cohort, in contrast with the
majority of previous study there was a predominance of
artephakic eyes. There were only 7 phakic eyes out of 21, in
6 of which traction was released (86%), of the remaining 14
artephakic eyes traction was released in 13 (93%). We did
not record a statistically significant difference.

It is evident from the observed studies that changes
of BCVA in eyes after PVL tend to be small. Rodrigues et
al. did not observe any improvement of average BCVA in
their study. However, in the case of risk of deterioration of
vision due to untreated vitreomacular traction, stabiliza-
tion of visual acuity may be a sufficiently good result [2].
Neffendorf et al. in their literary synthesis state an average
improvement of visual acuity following successful PVL by
approximately 1 row on a Snellen chart. They further assu-
me that this change need not fully do justice to the poten-
tial symptomatic benefit attained in this group of patients,
with regard to the fact that the rectification of metamorp-
hopsia may be at least as important as an improvement
of visual acuity [23]. In patients with a basic diagnosis of
MH, a greater improvement of BCVA is stated in compari-
son with those with isolated VMT [19,23] and the same was
demonstrated in therapy with ocriplasmin and PPV [24].

With regard to adverse events in connection with PVL,
until recently it appeared that it was a very safe method
with a minimum of complications in the form of pro-
gression of VMT to MH, the onset of retinal tears, reti-
nal detachment or the occurrence of endophthalmitis.
However, recently a number of studies have appeared
which have partially altered our view of PVL as a good
method of first choice due to its effectiveness, safety,
and lower financial cost in comparison with PPV.

In 2022 Baumann et al published a retrospective series
of 47 eyes with VMT or VMT with MD up to a diameter of
400 pm, in which they performed PVL with C3F8. However,
in their cohort 12 out of 33 eyes (36.4%) in the group of iso-
lated VMT and 10 out of 14 eyes (71.4%) in the group with
MH underwent vitrectomy after 1 month of observation.
The reason was failure to release VMT (6 out of 33), the ap-
pearance of a new MH (in 4 of the 33 eyes with VMT), failu-
re to close MH after application (10 out of 14), widening of
the original MH, and retinal detachment (in 4 out of 47 eyes,
8.5%) [22]. In comparison with a meta-analysis conducted
by Giny et al. from 2016 [8], Baumann et al. observed a lar-
ger number of newly occurring MH (12% vs. 4.1%), which in
all cases were classified as large MH (more than 555 pm in
diameter). At the same time, a markedly higher incidence of
retinal detachment was also identified (8.5% vs. 0%).

These results correspond to the observations from the
DRCR Retina Network protocols AG and AH published in
2021, in which retinal detachment or retinal cracks appeared
in 12% of eyes within 24 weeks, which caused concerns re-
garding safety in the use of PVL in order to release VMT, and
was the reason for premature termination of the study [25].

Our results in terms of adverse events do not corre-
spond with these observations, which may be an error
caused by the small size of the cohort.

CONCLUSION

Pneumatic vitreolysis by intravitreal injection of C3F8
gas represents an effective and cheap variant for the
solution of symptomatic vitreomacular traction. The
incidence of severe adverse side effects in our cohort
was markedly lower than in recently published cohorts.
It is necessary to choose the method of solution accor-
ding to the parameters of adhesion, MH and associated
ocular pathologies.
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