
182 CZECH AND SLOVAK OPHTHALMOLOGY 4/2019

ORIGINAL ARTICLE

Veith M., Penčák M., Ernest A., 
Straňák Z.

Department of Ophthalmology, 
Královské Vinohrady University 
Hospital and 3rd Faculty of Medicine, 
Charles University Prague
Šrobárova 50, 100 34, Prague 10
Chief: doc. MUDr. Pavel Studený, 
Ph.D., MHA

The authors of the study declare that no 
conflict of interest exists in the compilation, 
theme and subsequent publication of this 
professional communication, and that it 
is not supported by any pharmaceuticals 
company.

MUDr. Miroslav Veith
Oftalmologická klinika FN Královské 
Vinohrady
Šrobárova 50
100 34, Praha 10
mveith@email.cz

Received: 29.5.2019
Accepted: 2.7.2019
Available on-line: 6.1.2020

TREATMENT OF 
VITREOMACULAR TRACTION 
WITH INTRAVITREAL INJECTION 
OF PERFLUOROPROPANE

SUMMARY

Purpose: To evaluate the effect of one intravitreal injection of expansile gas 
in the treatment of vitreomacular traction (VMT).

Methods: A retrospective review of eyes with VMT treated with singl injection 
of 0,3 ml of 100% C3F8 gas was performed. The procedure was performed on 
an outpatient basis under topical anesthesia.

Results: Twelve consecutive patient (14 eyes) with symptomatic VMT 
underwent pneumatic vitreolysis. Mean extend of vitreomacular adhesion 
was 490,5 µm (408-751). A posterior vitreous detachment developed in 
13 eyes (92,9 %) after a single gas injection, in 11 eyes (84,6 %) during the 
first month of follow-up, in 2 eyes within two month of injection. Mean 
baseline and last BCVA were 0,5 (0,16-0,18) and 0,67 (0,2-1,0) respectively 
(p < 0,001). Mean folow-up time was 5,8 (1-16) months. The procedure was 
also successful in two eyes, which where previously unsuccessfuly treated 
with ocriplasmin. One eye formed a macular hole. There were no other 
complication.

Conclucion: Intravitreal injection of C3F8 is an effective, safe and inexpensive 
therapy of vitreomacular traction.

Key words: posterior vitreous membrane, vitreomacular traction, intravitreal 
injection, perfluoropropane, C3F8 
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INTRODUCTION

Adhesion of the vitreous body to the retina is strongest 
in the macula, on the optic nerve disc, along the large vas-
cular trunks and in the region of the vitreous base. Above 
all, vitreoretinal adhesion in the macula is of exceptional 
significance, because changes in this region may lead to a 
decrease of visual acuity (VA).

Ageing of the eye leads to liquefaction of the vitreous 
body and weakening of vitreoretinal adhesions, with a 
possible detachment of the posterior vitreous membrane 
(PVM) from the internal limiting mambrane (ILM) (19, 2). 
Incomplete separation of the PVM in the macular landsca-
pe may lead to the development of vitreomacular traction 
(VMT; or symptomatic vitreomacular adhesion – VMA), idi-
opathic lamellar or complete macular hole (MH), cystoid 
macular edema (CME) or epiretinal membrane (ERM).

By disrupting the retinal architecture, vitreomacular trac-
tion may cause a decrease of visual acuity, metamorphop-
sia, micropsia or photopsia. Upon fresh identification of vi-

treomacular traction, observation is usually recommended. 
However, spontaneous release of traction occurs only rarely 
(7). If traction persists and the patient perceives damage to 
visual functions, nowadays we are able to offer a number 
of options for solution. Previously the only option for tre-
atment was surgical intervention by means of pars plana 
vitrectomy (PPV). This provides a high success rate, but is 
linked with potential risks such as endophthalmitis, retinal 
tear or detachment and the development of cataract (11, 
12, 13, 14). A newer option is pharmacological vitreolysis 
with the aid of ocriplasmin (Jetrea; TromboGenics NV, Le-
uven, Belgium). This concerns a recombinant enzyme with 
a proteolytic effect regarding protein components of the 
vitreous body and vitreoretinal interface (20). Ocriplasmin 
is determined for single-use intravitreal administration in a 
dose of 0.125 µg (0.1 ml of diluted solution).

Pneumatic vitreolysis is the term used to describe intravi-
treal application of expansive gas with the purpose of indu-
cing posterior vitreous detachment (PVD) (10). The precise 
mechanism of this induction by intravitreal injection of gas 
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is unknown. It is assumed that the initial expansion and sub-
sequent contraction of the gas bubble destabilises the vitre-
ous gel. Movements of the bubble accelerate the process of 
liquefaction of the vitreous body, which is the fundamental 
prerequisite for the development of PVD (8).

METHOD AND COHORT

In this study we retrospectively evaluate the results of tre-
atment of patients with VMT, which consisted of expansive 
gas applied intravitreally. All the patients were examined on 
a slit lamp, including biomicroscopy of the posterior seg-
ment of the eye in artificial mydriasis. Intraocular pressu-
re (IOP) was measured by a noncontact method. Best co-
rrected visual acuity (BCVA) was measured with the aid of 
ETDRS optotypes. Diagnosis of VMT was confirmed with the 
aid of spectral domain optical coherence tomography (SD-
-OCT) (Spectralis OCT, Heidelberg Engineering, Heidelberg, 

Germany). We indicated symptomatic patients with a range 
of traction up to 1500 µm for application of the gas (also 
indication limitation of payment of ocriplasmin by health in-
surance in Czech Republic.). In our evaluated cohort we in-
cluded all patients who we had indicated for this treatment 
(including patients with diabetic retinopathy and patients 
following previous unsuccessful application of ocriplasmin). 

We performed the procedure in outpatient care under 
topical anaesthesia (Benoxi 0.4%, Unimed Pharma) in an 
operating theatre with the aid of a surgical microscope. 
The surrounding area of the eye and the conjunctival sac 
was disinfected with 5% povidone-iodine solution, the 
operating field was covered with a sterile drape, and a spe-
culum was applied. At the beginning of the procedure we 
performed paracentesis of the cornea and hypotoned the 
eye. Subsequently 0.3 ml of 100% perfluoropropane (C3F8) 
was applied to all the patients. The gas was applied intra-
vitreally via the pars plana in the lower temporal quadrant 

Table 1. Characteristics of cohort and results

Case Sex Age Eye Condition 
of lens

Previous 
treatment

Baseline 
BCVA

Final 
BCVA

Width of 
adhesion 

(µm)
ERM DME

Release 
of 

traction
Time of 
release

1 wo-
man 81 LE phakia Jetrea 0.67 0.67 416 - - yes Within 4 

weeks

2 wo-
man 74 RE phakia - 0.40 0.67 490 - - yes Within 6 

weeks

3 wo-
man 66 LE phakia - 0.16 0.40 500 - yes yes Within 4 

weeks

4 wo-
man 69 RE phakia - 0.16 0.20 447 - - yes

Within 
4 weeks 

Progression 
to MH

5 wo-
man 63 LE phakia - 0.5 1.0 417 - - yes Within 4 

weeks

6 wo-
man 68 RE phakia - 0.3 0.50 481 - - yes Within 4 

weeks

7 man 82 RE phakia - 0.67 0.80 408 - - yes Within 4 
weeks

8 man 74 RE artepha-
kia Jetrea 0.33 0.50 472 - - yes Within 4 

weeks

9 wo-
man 76 RE phakia - 0.67 0.80 751 - - yes Within 4 

weeks

10 man 74 LE artepha-
kia - 0.67 0.67 531 - - yes Within 8 

weeks

11 man 70 RE phakia - 0.67 1.00 422 - - no
Persists for 9 
months, but 
with lesser 

traction

12 man 65 LE phakia - 0.50 0.50 481 - yes yes Within 4 
weeks

13 man 70 LE phakia - 0.80 1.00 416 - - yes Within 4 
weeks

14 wo-
man 78 RE artepha-

kia - 0.50 0.67 636 - - yes Within 4 
weeks

BCVA – best corrected visual acuity; ERM – epiretinal membrane; DME – diabetic macular edema; MH – macular hole; RE – 
right eye; LE – left eye
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3.5 mm from the limbus with the aid of a 30-gauge needle. 
Perfusion of the central retinal artery was subsequently 
checked, and according to requirement we again perfor-
med further discharge of the intraocular fluid from the 
anterior chamber via the paracentesis. After completing 
the procedure the patient remained in a prone position for 
10 minutes, and then in a supine position for further 10 
minutes. The patient was administered 1 tablet of Diluran 
(Zentiva) after he procedure as prevention against elevati-
on of IOP. The patient was subsequently discharged from 
the centre with an appointment for a follow-up examina-
tion, without special regime measures and without local 
antibiotic or anti-inflammatory treatment.

In this cohort always only one injection of gas into the 
evaluated eye was applied in all patients.

At the follow-ups, the same examinations were perfor-
med as at the indication visit, the first examination with 
OCT was performed within one month of the procedure, 
and we indicated further follow-ups individually according 
to the current finding.

We primarily evaluate the success rate of release of VMT 
on SD-OCT, and further also change of visual acuity and the 
incidence of complications.

The observed cohort consists of 14 eyes of 12 patients 
(8 women, 4 men) with an average age of 72.2 years 
(65-82). The average observation period is 5.8 months 
(1-16). The average width of vitreoretinal adhesion was 
490.5 µm (408-751). Two eyes had previously been trea-
ted unsuccessfully with ocriplasmin. 11 eyes were pha-
kic, 3 pseudophakic, two patients underwent the proce-
dure on both eyes with an interval between treatments 
(detailed data and results are presented in table 1). A 
paired t-test for dependent samples was used for statis-

tical evaluation of changes of BCVA.

RESULTS

After one application of C3F8 the treatment succeeded in 
releasing vitreomacular traction in 13 eyes (92.9%), of which 
in 11 eyes (84.6%) this took place within the first month of 
observation, and in the other two eyes within two months 
of the procedure. In one eye VMT persists even after 9 
months of observation, although it is lesser, and visual acui-
ty has improved. Release of traction was achieved in both 
eyes following previous unsuccessful application of ocriplas-
min. In one eye release of traction took place simultaneous-
ly with the development of macular hole, in this case we in-
dicated PPV. Best corrected visual acuity improved from an 
average baseline value of 0.50 (0.16-0.18) to 0.67 (0.2-1.0) 
(p < 0.001). Improvement of BCVA was achieved in 11 eyes 
(78.6%), in three it remained the same, deterioration did 
not occur in any of the operated eyes. The gas bubble was 
absorbed according to the references of the patients within 
the range of 8-10 weeks. The IOP values within the observed 
period were within the normal range, without the necessity 
of anti-glaucomatous therapy. Other than the development 
of MH we did not record any other potential complications 
within the observed period.  

  

DISCUSSION

The traditional main approaches in the solution of vit-
reomacular traction have been observation or pars plana 
vitrectomy. We usually choose observation in the case of 
stable mild forms of the pathology, with the possibility of 

Fig. 1. Vitreomacular traction before procedure

Fig. 2. Finding on OCT 1 month after application of perfluoropropane
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spontaneous release of VMT (11, 17). However, this takes 
place in approximately only 11% of eyes over the course of 
5 years, whereas in 64% of eyes visual acuity decreases du-
ring this period by a minimum of 2 rows of a Snellen chart 
(7, 11). Spontaneous release is less probable in the case of 
eyes with simultaneous presence of ERM or with a larger 
extent of vitreomacular adhesion, and in addition there is 
a risk of progression to macular hole (11, 16).

 After PPV visual acuity improves by an average of 0.25 
logMAR, i.e. by almost two rows of a Snellen chart (14). 
However, with regard to the fact that many patients suf-
fer primarily from metamorphopsia, the patient profits 
from a surgical procedure by the reduction or elimination 
of metamorphopsia alone even if the visual acuity stays 
the same. Nonetheless, a potential serious risk of PPV is 
development of postoperative retinal detachment, which 
occurs in 2.4-4-6% of eyes (12, 14). This relatively high per-
centage is linked among other factors with the fact that 
during the procedure we must perform surgical release of 
the attached vitreous body, in which a retinal tear may oc-
cur. If this is not identified and treated during the surgery, 
this progresses to retinal detachment. Another adverse 
effect of PPV is the occurrence and progression of cataract 
in two thirds of eyes within the course of 2 years (13, 14). 
On the other hand, the greatest advantages of PPV include 
removal of vitreous opacifications (21).

At present we do not have any diagnostic method avai-
lable which could help us decide in which cases to choo-
se observation with a high probability of spontaneous 
release, and conversely where timely surgical interventi-
on would be more advantageous due to the high risk of 
progression to macular hole. For this reason it is desirable 
to have therapeutic methods available which will be more 
proactive than mere observation, but less invasive than 
pars plana vitrectomy.

This requirement is met by intravitreal application of 
ocriplasmin (Jetrea; TromboGenics NV, Leuven, Belgium). 
This concerns a recombinant protease, which dissolves the 
protein matrix of the vitreoretinal interface and thereby 
releases adhesion of the vitreous body to the MLI (6, 20). 
However, its effectiveness is relatively low. In the double-
-blind, randomised, multicentric clinical trial MIVI-TRUST, 
release of VMA was achieved in only 26.5% of cases (20) 
after one intravitreal application of 125 µg of ocriplasmin. 
However, if stricter selection of the indicated patients is 

applied, we may obtain better results. In the double-blind, 
randomised, multicentric clinical trial OASIS, release of 
VMA was achieved in 47.1% of eyes after 28 days (5) in 
patients with VMA < 1.500 µm, without simultaneous pre-
sence of ERM. However, this treatment is very expensive, 
and furthermore it is linked with certain side effects such 
as temporary loss of sight, changes of the zones of ellip-
soids on SD-OCT, disorders of colour vision, blind spots in 
the visual field and changes of electroretinogram (15, 20). 

Pneumatic vitreolysis is therefore offered as a further 
alternative treatment of VMT. The first author to publish 
experiences with the use of intravitreal application of 
gas to to induce PVD was Chan (9). Induction of PVD was 
achieved in 96% of eyes, and closure of MH was achieved 
in 57% of eyes.

In the MIVI-TRUST study, release of VMT was achieved 
after the application of ocriplasmin especially in phakic pa-
tients (34% vs. 13%) (20). In comparison with this, Steinle 
et al. achieved similar results by the application of C3F8 in 
phakic and pseudophakic eyes (89% vs. 75%, p = 0.3173), 
and furthermore release of traction occurred also in 83% 
of eyes with simultaneous presence of ERM (21). In the 
MIVI-TRUST study release of traction was achieved in only 
8.7% of patients with simultaneous presence of ERM (20).

In a cohort of 50 eyes with VMT, Chan et al. achieved relea-
se of traction in 43 eyes (86.0%) after one application of C3F8, 
in which a prognostically negative factor was also simultane-
ous presence of an epiretinal membrane (release in 50% of 
eyes), as well as diabetes mellitus (release in 25%) (8).

In our cohort release of traction occurred in 92.9% of 
eyes. This success was contributed to especially by the le-
sser extent of vitreomacular adhesion (average 490.5 µm), 
the absence of ERM and the low representation of patients 
with DR. In 11 of the 13 successful procedures (84.6%) in 
our cohort, release of VMT was achieved within the first 
month of observation, in two eyes traction was released 
later. Rodrigues et al. recorded release of VMT in 20% of 
eyes over the course of 6 months (18). In the cohort of 
Chan et al., traction was released in 16% of eyes over the 
course of 5-9 weeks (8). It is therefore advisable to wait 
before indicating PPV.

The process of liquefaction of the vitreous body is proba-
bly not influenced so much by the size of the gas bubble as 
by the duration of its effect. In addition to C3F8 it is also po-
ssible to apply SF6 into the vitreous chamber. However, the-

Fig. 3. Finding on OCT 6 months after application of perfluoropropane
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re are few published cohorts, and the effectiveness appears 
to be rather lower in comparison with C3F8, which could 
be in connection with the shorter duration of its effect. 
Day et al. recorded release of VMT after the application of 
SF6 in 55.6% of eyes (4). Čokl et al. compared the effect of 
both gasses in a prospective study (3). With the aid of C3F8 
they achieved release of VMT in 62% of eyes, whereas af-
ter application of SF6 traction was released in only 21.4% 
of eyes. C3F8 was more effective in eyes with an extent 
of vitreomacular adhesion of > 500 µm (p = 0.001), in the 
case of adhesions of lesser extent the effect of both gases 
was comparable. Experiences with the use of SF6 were pu-
blished also by Buzzacco. Release of VMT was achieved in 
83% of eyes. However, the cohort numbered only 6 eyes (1).

Pneumatic vitreolysis can be performed also on eyes 
in which previous treatment with ocriplasmin has failed. 
Steinle et al. achieved release of traction in 83% of eyes 
on which ocriplasmin had previously been applied without 
success (21). Chan achieved a 66.7% success rate on the-
se eyes (8). Our cohort included 2 eyes in which traction 
persisted after the application of ocriplasmin (14 and 6 
months respectively), after the application of C3F8 tracti-
on was released in both eyes.

The advantage of pneumatic vitreolysis in comparison 
with PPV is its low price, topical anaesthesia, and the mi-
nimal risk of development of cataract. In our cohort we did 
not record progression of cataract in any case. This is in part 
thanks to the fact that at its maximum size the gas bubble 
occupies approximately 30-40% of the vitreous cavity, and 
is therefore in minimal contact with the posterior capsule 
of the lens. A second reason is the short observation period 
of our cohort (average 5.8 months). Tornambe published a 

12-year analysis of 302 cases of pneumatic retinopexy, and 
recorded an incidence of cataract in only 1 % of cases (22).

Another risk of pneumatic vitreolysis may be retinal de-
tachment as a consequence of the occurrence of a reti-
nal crack following rapid release of the PVM. However, in 
the published cohorts this complication occurs only rarely, 
which may partially be due to the rather smaller cohorts. 
In our cohort this complication also did not appear. Chan 
et al. recorded retinal detachment in 1 eye out of 35 (8). 
The risk of retinal tear can be reduced by careful preope-
rative examination of the retina and laser treatment of risk 
peripheral degenerations before the procedure.

A further potential complication is progression of VMT 
to macular hole. Chan et al. recorded this in 1 eye out of 
35 (2.9%) (8), in our cohort the development of MH also 
occurred in 1 eye (7.1%).

CONCLUSION

In the presented cohort we verified the effectiveness 
and safety of pneumatic vitreolysis in a selected group of 
patients with a lesser extent of vitreomacular adhesion. 
Release of VMT was accompanied by an improvement of 
visual acuity, the incidence of adverse effects was minimal. 
In order to set precise indication parameters, the success 
rate and safety of this method, it would be suitable to con-
duct a prospective randomised trial. Pars plana vitrectomy 
appears to us to be a suitable method of second choice, 
following the failure of pneumatic vitreolysis, or it can be 
used as the primary method in patients with a larger ex-
tent of vitreomacular adhesion, with epiretinal membrane 
or upon larger opacification of the vitreous body.
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