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Abstract
Background Perfluorocarbon (PFC)possesses unique chemical properties that favor the pigment epithelium’s 
adhesion and allows the drainage of subretinal fluid through retinal holes present in retinal detachment cases. 
However, PFC as a temporary tamponade agent has been limited due to its high potential for toxicity.

Main body We conducted a scoping review regarding the use of PFC in vitreoretinal surgery as a temporary 
tamponade in subjects with severe ocular trauma or severe retinal detachment who received a therapeutic 
intervention (vitrectomy via posterior approach with the use of PFC as a temporary tamponade), compared to 
vitrectomy without the use of PFC as a temporary tamponade. Outcomes of interest were retinal reattachment, visual 
acuity (VA), postoperative complications and retinal toxicity. The search was performed in Medline, Medline In-Process 
& Other Non-Indexed Citations, Medline Daily Update, Embase databases. Reference lists from relevant review articles 
were also included. Two hundred thirty-eight studies were found, with no duplicate entries. In the first selection, 230 
articles were eliminated; in the second selection, 6 additional articles were discarded. In total, 8 articles were obtained 
in this review. Two selected articles corresponded to animal studies and 6 to studies in humans. Regarding study 
design, 5 were case series, and 1 was a cohort study.

Conclusion PFC as a short-term tamponade had high rates of reapplication, improved VA, and the most frequent 
adverse effects were reversible after PFC withdrawal. Nonetheless, the quality of the studies was poor. Studies with 
more rigorous methodologies are needed to determine visual and structural outcomes and potential risks of PFC use 
as a temporary tamponade in vitreoretinal surgery.
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Background
PFC is a family of highly cohesive heavy hydrocarbon 
compounds with high surface tension. PFC is a synthetic 
liquid with unique chemical properties that favor its use 
in multiple settings, especially in vitreoretinal surgery 
[1]. Highly purified perfluorodecalin, a PFC, has been 
used in the last decade as an ocular tamponade agent in 
severe ocular trauma surgery. On one hand, PFCs have 
a density that is twice the one of water and low viscos-
ity [1, 2]. These properties provide a high cohesion to the 
inner surface of the eyeball, exerting a significant force 
on the retina [2, 3] and thus favoring the adhesion of the 
pigment epithelium in cases of retinal detachment. On 
the other hand, it allows the drainage of subretinal fluid 
through the retinal holes present. This could potentially 
serve as a starting point for further investigation, as PFC 
may have the potential to ascertain the stability of the 
retina over a longer duration. Consequently, we under-
took the task of conducting a scoping review to system-
atically gather and analyze all the existing evidence that 
may support to the notion that PFC holds promise as a 
short-term tamponade overweighting its potential risk 
for toxicity.

It is important to note that, PFC use as a short-term 
tamponade agent has been limited due to its high poten-
tial for toxicity specifically perfluorooctane. Stolba et al. 
found that its use for more than two weeks was associ-
ated with direct lesions in the retina, especially in the 
photoreceptor cell layer, damage that became more 
severe after the fourth week of exposure [4]. It also 
appears to be associated with decreased retinal vascu-
lar flow [3]. Therefore, PFC is not used on a long-term 
basis. However, newer highly purified PFC molecules (for 
example, highly purified perfluorodecalin) are more lipo-
philic. This property reduces toxicity, favors its complete 
extraction, and may be helpful as a temporary tampon-
ade to achieve better retinopexy while reducing its harm-
ful effects. Therefore, this study aims to describe retinal 
reattachment, VA, and adverse effects of PFC as a short-
term tamponade agent used in severe ocular trauma or 
retinal detachment surgery.

Methods
We conducted a scoping review regarding the use of PFC 
in vitreoretinal surgery as a short-term tamponade, fol-
lowing the population-intervention-control-outcome 
(PICO) framework: (P) subjects with severe ocular 
trauma or severe retinal detachment who underwent vit-
rectomy via posterior approach; (I) use of PFC as a tem-
porary tamponade; (C) no comparison was necessary as 
we expected to find few studies some of them without a 
comparison group; (O), retinal reattachment, VA, post-
operative complications and retinal toxicity.

Case series, original articles, cohort studies, and clinical 
trials in English, Portuguese, or Spanish were included. 
Articles corresponding to editorials and research pro-
tocols were discarded. Animal and human studies were 
included.

The selection criteria for participants were subjects 
of any age with severe ocular trauma or severe retinal 
detachment. The intervention was posterior vitrectomy 
using PFC as a temporary tamponade. The primary out-
comes were retinal reapplication and VA. Secondary 
outcomes were intraoperative and postoperative com-
plications associated with the use of PFC such as retinal 
toxicity, cataract, epiretinal membrane, ocular hyperten-
sion, and uveitis.

We searched in Medline, Medline In-Process & Other 
Non-Indexed Citations, Medline Daily Update, and 
Embase databases from insertion to 21 December 2022. 
We used free controlled and uncontrolled terms “perflu-
orocarbon”, “eye injury”, “ocular trauma”, and “vitreoreti-
nal surgery”, combined with Boolean operators. We also 
employed the “snowball” method search for articles from 
the references of useful articles. The complete search 
algorithms are described in Supplementary Tables 1 and 
2.

After eliminating duplicate manuscripts, SP and VC 
performed an independent selection of the studies. The 
selection of articles was carried out in two stages. In the 
first stage, we choose manuscripts based on titles and 
abstracts. In the second stage, we evaluated full texts and 
references. The discrepancy between the authors in the 
selection was reconciled between them, or a third author 
could intervene. Figure  1 shows the article selection 
process.

Two authors extracted the data independently. We cre-
ated a data collection template that included, amongst 
others: study objectives, study design, period of data col-
lection, ethics committee approval, population character-
istics, inclusion criteria, exclusion criteria, recruitment 
method, number of people in the study, group differences 
at baseline, characteristics of vitrectomy and PFC appli-
cation, time of PFC application, VA, retinal reattachment, 
postoperative complications and retinal toxicity. For the 
evaluation of possible biases, we used the Newcastle-
Ottawa Scale (NOS), a tool that allows the evaluation of 
biases in case-control and cohort studies.

Cumulative incidences were calculated for each out-
come in each study and risk ratios if there was a com-
parison group for the outcome. If the studies’ clinical 
outcomes and methodological characteristics are suffi-
ciently similar we would perform a meta-analysis. Other-
wise, we make a narrative description of the studies.
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Results
Selected and included studies
A total of 242 studies were found, with no duplicate 
entries. The articles are presented according to the guide-
lines recommended by the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) in 
Fig. 1. In the first selection, 224 articles were eliminated 
due to reasons related to: inclusion and exclusion criteria, 
PFC not being use as a short term tamponade, articles 
corresponding to editorials and research protocols; in 
the second selection, 6 additional articles were discarded. 
In total, 12 articles were obtained in this review. Table 1 
and Supplementary Table  3 show the characteristics of 
the selected studies, and Supplementary Table  4 shows 
the characteristics of those excluded. Two selected arti-
cles corresponded to animal studies and 6 to studies in 
humans. Regarding study design, 5 were case series, and 
1 was a cohort study.

We evaluated the risk of bias with the NOS. The cohort 
study [5] is of low quality due to the small number of 
participants (N = 36). The data were retrieved from the 

medical records. Subjects exposed corresponded to sub-
jects who underwent vitrectomy after the intervention 
was implemented in the study site. Subjects unexposed 
corresponded to subjects who had been treated before 
the intervention was implemented. Therefore, exposed 
and unexposed groups are likely to be dissimilar. Addi-
tionally, studies were deemed not similar enough to carry 
out a meta-analysis.

In the studies with a human population, the average 
age ranged between 40 and 55 years and consisted of pre-
dominantly male subjects. All subjects had giant retinal 
tears and 1 study included patients with ocular trauma. 
The PFC used was perfluoro-n-octane (PFnO) in two 
studies. The average application time ranged from two 
days in animals and 44 months in humans.

Complete retinopexy
The prospective case series of Bhardwaj et al. [6] included 
19 subjects with recent giant retinal tears who underwent 
pars plana vitrectomy with PFC injection, transscleral 
diode laser retinopexy to the edge of the giant retinal tear, 

Fig. 1 Prisma flow diagram showing selected studies
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and short-term postoperative heavy fluid tamponade 
for four to eight days. The retinal reattachment rate was 
100%, and only 3 subjects required additional surgery.

Eiger-Moscovich et al. [7]. described a retrospective 
case series of 13 subjects who presented to a tertiary 
medical center with giant retinal tears between Novem-
ber 2011 and August 2015. Surgery was performed by an 
experienced retinal surgeon. All retinas were successfully 
fixed intraoperatively. The retina remained attached in 12 
subjects (92%) without additional vitrectomies.

Pikkel et al. [5] in a cohort study, evaluated PFC as a 
short-term postoperative tamponade in 22 subjects with 
giant retinal tears. In all subjects, retinas were reattached. 
In a similar study by Carvalho et al. [8] 10 subjects kept 
the PFC for five days postoperatively, with 80% of the ret-
inas remained attached during the 16-month follow-up.

Likewise, in the study by Rofail et al. (9 [1]) the retinal 
reattachment rate was 100% after primary vitrectomy in 
16 subjects with giant retinal tears, using perfluorocar-
bon-n-octane as a tamponade agent. One retina detached 
(6.3%) and needed reattachment after a primary inter-
vention. Sirimaharaj et al. [9] in their retrospective study 
of 65 subjects with rhegmatogenous and traumatic reti-
nal detachment, described that at a mean follow-up of 
24.5 months, 80.6% of the operated eyes had adequate 
retinopexy. On the other hand, recurrence of detachment 
was documented in an average of 26.7 days in 12 of 65 
(18.5%) eyes after PFC removal.

In the experimental animal studies, retinopexy was not 
evaluated as an outcome [10, 11]. These studies focused 
on safety on the use of PFC as a temporary tamponade.

In the study conducted by Drury et al. [12], Short-
term perfluoro-n-octane tamponade achieved a stable 

reattachment rate of 76% when used to manage challeng-
ing retinal pathologies.

Visual accuity
In the study by Bhardwaj et al. [6] the subjects’ best cor-
rected visual acuity (BCVA) at the end of follow-up was 
20/40 or better in 11 eyes (58%), between 20/60 and 
20/200 in seven (37%) and 20/400 in 1 (5%). In Eiger-
Moscovich’s et al. [6]. study, the macula was detached 
in 3 of the 13 subjects. However, in all subjects BCVA 
improved after surgery. The final BCVA was equal to 
or better than 20/100. Of the 10 subjects in whom the 
macula was attached at the time of surgery, 6 (60%) had a 
final BCVA equal to or better than the initial one.

In the study conducted by Pikkel et al. [5] in the group 
without PFC VA was 6/12 or better in 26.7% of subjects 
vs. 73.3% in the study group. VA worsened in 22.7% of 
subjects in the PFC group and in 57.1% in the control 
group (p = 0.054).

In the series of Carvalho et al. [8]. 50% of the subjects 
improved the initial preoperative BCVA. Rofail et al. [13]. 
showed that 11 of the 16 subjects who underwent surgery 
(68.8%) had improved VA. However, 18.6% of the sub-
jects who underwent surgery showed a deterioration of 
VA due to macular tears or the development of postoper-
ative epiretinal membranes. Sirimaharaj et al. [9]. found 
that 54.8% of the operated eyes showed improvement in 
VA. In 45.2% of them, the improvement was at least two 
lines on the Snellen chart. Likewise, 12.9% of the eyes 
presented visual impairment secondary to the develop-
ment of cataracts, macular compromise related to retinal 
detachment, and retinal reattachment.

Table 1 Articles included in the scoping review
Author Year Study type Retinal reat-

tachment N (%)
Complications N (%)

Bhardwaj G. et al. [5] 2020 Case series 19 (100%) cataract, PFC in anterior chamber, macular pucker (5%)
Maya Eiger-Moscovich et al. [6] 2017 Case series 13 (100%) ocular hypertension 2 (15%), cataract 2 (15%), cystoid macular edema 

2 (15%)
Joseph Pikkel et al. [7] 2013 Cohort study 22 (100%) cataract 4 (13.6%) ocular hypertension 4 (13.6%) epiretinal membrane 

2 (7%)
Marcelo Carvalho VenturaI et 
al. [8]

2007 Case series 8 (80%) hipotonía ocular 3 (37.5%)

Rofail, Marc et al. [9] 2005 Case series 15 (93.7%) cataract 5 (31.5%)
M Sirimaharaj et al. [10] 2005 Case series 58 (93.5%) cataract 51 (80.5%)
Daminana Zeana et al. [11] 1999 Clinical Animal 

Experiment
Not evaluated as 
an outcome

peripheral atrophy of the myelinated nerve fibers (14,5%)

Luca Migliavacca et al. [12] 1998 Clinical Animal 
Experiment

Not evaluated as 
an outcome

pits on the inner retina   

Drury B, Bourke RD 2009 Case series 76% superior redetachment, atrophic macular changes, minor macular 
haemorrhage, cataract, elevated intraocular pressure, corneal defects, 
PVR, epiretinal membrane and retained perfluorocarbon heavy liquid.

Chehade LK et al. 2021 Case series 98.8% Cataract formation
Bottoni, F et al. 2013 Case series 9 (82%) Macular pucker 1 (9%)
Rush R, et al. 2012 Case series 39 (100%) Capsular opacification 28 (71%)
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In the series of Chehade et al. [14], they demonstrated a 
98.8% anatomical success and significant improvement in 
BCVA, with no reports of retinal toxicity.

Likewise in the study conducted by Botoni et al. [15], 
64% of the reattached eyes had a final visual acuity of 
20/40 or better).

Postoperative complications
In the study by Bhardwaj et al. [6]. PFC droplets were 
observed in the anterior chamber in 5 of 20 eyes (2 pha-
kic and 3 aphakic). The droplets were removed at the time 
of heavy fluid removal from the vitreous cavity. None of 
these eyes developed corneal decompensation during fol-
low-up. Pikkel et al. [5] found no difference in postopera-
tive complication rates (cataract, epiretinal membrane, 
ocular hypertension, and uveitis) between the control 
group and those who received the intervention. No cor-
neal toxic effect was found in the study group, nor hypo-
tension or residual subretinal PFC.

Eiger-Moscovich et al. [6] documented postoperative 
elevation of intraocular pressure in 2 of 13 subjects which 
were successfully treated with topical antiglaucoma med-
ications. PFC was also observed in the anterior chamber 
in 1 of them, requiring paracentesis for its removal. Two 
subjects developed cataracts, and 2 others developed cys-
toid macular edema (CME).

Carvalho et al. [8] observed in 3 of 10 subjects ocular 
hypotony associated with a cellular reaction in the ante-
rior chamber and vitreous cavity (anterior to PFC) in the 
early postoperative period. Difficulty in fundus visualiza-
tion was also present in 3 subjects (30%). Rofail et al. [13]. 
also observed ocular hypotony in 3 of the 16 subjects. 
One subject had a severe drop in intraocular pressure 
after removing the tamponade agent and a fibrin-medi-
ated inflammatory reaction in the anterior chamber, 
which resolved with topical anti-inflammatory agents. 
In the study by Sirimaharaj et al. [9] 1 of the 65 subjects 
developed increased intraocular pressure secondary to 
lens displacement due to the pressure and angular clo-
sure exerted by the PFC. Cataracts developed in 80.5% of 
the operated eyes. Likewise, 3 subjects developed glau-
coma, in whom adequate control of intraocular pressure 
was achieved and the presence of PFC residues in the 
anterior chamber was ruled out.

As for experimental animal studies, Zeana et al. [10]. 
found no retinal toxicity at 9 weeks in any rabbit after 
an intravitreal injection of 1.0-1.2 ml of perfluorohexy-
loctane. However, Orzalesl et al. [11] evidenced in rab-
bits exposed to perfluorodecalin for more than 6 days 
liquid content of PFC in lower retinal segments in rela-
tion to the point of greater amount of tamponade, also in 
the photoreceptor cell layer presenting associated retinal 
edema generating irreversible damage to the retina.

Discussion
PFC seems to achieve retinopexy in severe retinal detach-
ment. Nonetheless, its use has been limited by the high 
potential for toxicity previously described [5]. With this 
scoping review we summarized evidence on PFC as a 
temporary tamponade in vitreoretinal surgery. We were 
interested on evaluating outcomes retinal reattachment, 
VA, postoperative complications, and potential retinal 
toxicity. Eight studies met the selection criteria, of which 
five corresponded to case series, two to experimental ani-
mal studies, and 1 to a cohort study. The latter has a high 
risk of selection and confounding biases because they 
selected the exposed and un-exposed group at different 
times.

Retinal reattachment rate ranged from 80 to 100%. For 
example, the studies by Bhardwaj et al. [6]., Carvalho et 
al. [8]. and Sirimaharaj et al. [9]. agree that PFC ensures 
complete retinopexy and a better final VA than preop-
erative VA. Many studies [16–18] have reported a visual 
improvement that varied from 56.8 to 60%.

Even if VA might be used as a marker of successful 
functional recovery of the eye. Still it has its limitations, 
since VA might change due to other factors such as lens 
status changes and epiretinal membrane development. 
Additionally, ocular optical coherence tomography tech-
niques which evaluate preoperative and postoperative 
anatomical changes might not match with preoperative 
and postoperative visual states. Currently, no single test 
has an optimal correlation between anatomical outcomes 
and VA [19].

Most subjects who underwent posterior vitrectomy 
using PFC as a tamponade agent had no deterioration in 
VA. Rofail et al. reported improved VA in 68.8% of sub-
jects, and Pikkel et al. [5] reported improved VA in 50% of 
subjects in the study group versus improvement in only 
14.3% of the control group. VA deterioration was related 
to macular compromise of their underlying pathology, for 
example, epiretinal membranes, among other complica-
tions unrelated to PFC.

The incidence of adverse events was low in human 
studies using PFC as a temporary tamponade showed by 
Ryan et al. [20] that demonstrated that the use of Perflu-
oro-n-octane as a short-term vitreous substitute in pri-
mary rhegmatogenous retinal detachment repair cases 
involving inferior/multiple breaks or giant retinal tears 
(GRTs) shown both efficacy and safety. The substan-
tial reduction in its side effect profile can be achieved 
through Perfluoro-n-octane removal within a 10-day 
timeframe.

Regarding complications, mainly ocular pressure alter-
ations (hypotony or ocular hypertension) were described. 
Subjects who developed secondary ocular hypertension 
were adequately treated with tamponade removal and 
topical hypotensive medication [8]. These ocular pressure 
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complications were found to be present in less than 50% 
of subjects in each study. Adverse events reported using 
PFC in other contexts mention that the occurrence of 
subretinal retention of liquid PFC bubbles can impact 
between 1 and 11% of pars plana vitrectomy (PPV) cases 
conducted for rhegmatogenous retinal detachment 
(RRD) [21, 22]. The appropriate time for PFC removal 
remains a subject of ongoing discussion; however, a con-
sensus exists on the importance of prompt and proactive 
management due to the potential for resulting irrevers-
ible visual impairment that may present as a confounding 
factor in final VA [19].

In the two animal studies, rabbits were used and had 
opposite results. One of irreversible retinal damage con-
ducted by Orzalesl et al. [11], and the other without reti-
nal toxicity conducted by Zeana et al. [10]. These findings 
may correspond to the use of different PFC molecules: 
perfluorohexyloctan, which has a higher concentration of 
PFC, and perfluorodecalin, respectively. They also differ 
in the purity level of the compounds.

Studies suggest that PFC is safe and effective for man-
aging complex retinal detachment though a conclusive 
affirmation cannot be made due to the risk of bias of 
the studies. Although, the quality of evidence is low, as 
all studies had small sample sizes; there were differences 
in the duration of tamponade use, administration inter-
vals, and follow-up, and most did not have a comparison 
group. The inclusion of studies involving both human 
subjects and animals certainly presents a potential chal-
lenge to the methodological rigor and overall cred-
ibility of our analysis., though the rationale behind this 
approach stems from the aim of maximizing the avail-
able evidence. Including animal studies alongside human 
research allows for a broader perspective and provides 
insights that may not be accessible through human stud-
ies alone.

Universally complex retinal detachment is treated with 
short-term tamponades such as gas or silicon though its 
positional demands to the patient in the early postop-
erative make results dependent not only on the surgical 
success but to the patient adherence to the recommen-
dations, additionally complications such as: visual distur-
bances, high intraocular pressure and migration to the 
anterior chamber are also present with other tamponades 
different to PFC.

Conclusion
This scoping review of the literature presents the results 
of case series and cohorts. However, research with more 
rigorous methodologies is required to determine the true 
effect of PFC as a temporary tamponade used in vitreo-
retinal surgery in terms of visual and structural outcomes 
and potential risks.
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