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Background: Foldable capsular vitreous body (FCVB), a novel artificial vitreous substitute product, has been used clinically in recent 
years. The aim of this study was to evaluate the outcomes and complications of FCVB implantation surgery during the postoperative 
period.
Methods: We performed a prospective, nonrandomized study from November 2021 to March 2022. Eight patients with severe retinal 
detachment that could not be easily reattached were included in this study. Before and after surgery, visual acuity (VA), intraocular 
pressure (IOP), slit-lamp microscopy, optical coherence tomography (OCT), B-scan and CT were performed.
Results: After the operation, the FCVB was well distributed in the vitreous cavity and supported the retina according to the B-scan 
and CT images. During the follow-up period, no vitreous hemorrhage or retinal detachment was found in any of the patients. On the 
first postoperative day, the average IOP increased from 9.6 ± 7.7 mmHg preoperatively to 13.8 ± 14.3 mmHg. Although the IOP of two 
patients fell outside the normal range, IOP was finally held steady after the fifth postoperative day in all cases. In addition, three 
patients (37.5%) experienced eye ache, and after taking a Saridon tablet, the pain was greatly alleviated. Moreover, no adverse events, 
such as silicone oil (SO) spillage and emulsification or serious complications, were observed.
Conclusion: The current vitreous substitute FCVB is effective and safe for treating complicated retinal detachments in ophthalmic 
applications. Further multiple-center clinical designs should focus on indications and complications of FCVB during long-term follow- 
up periods.
Keywords: foldable capsular vitreous body, visual acuity, intraocular pressure

Introduction
Currently, pars plana vitrectomy (PPV) is the main approaches for severe retinal diseases such as diabetic retinopathy, 
retinal detachment and traumatic retinopathy. Since the vitreous is not actively regenerated, a temporary vitreous 
substitute in the form of gas or SO is injected into the vitreous cavity to support the retina until the retina becomes 
fully attached and healed.1 In some complicated cases, following the removal of SO or the absorption of gas, the retina 
detaches again;2 therefore, more than one operation is needed, and SO needs to be placed in the vitreous cavity for the 
long term. However, the disadvantages of the emulsification and toxicity of SO limit its clinical application.3 For the 
patients who cannot tolerate SO complications, a permanent or long-term vitreous substitute is in great need. In order to 
use for long-term, the vitreous substitute has to be nondegradable, transparent, biocompatible, and in stable conditions, 
which is challenging to achieve and need further evaluation.

Foldable capsular vitreous body (FCVB), a novel artificial vitreous substitute product, has been used clinically in 
recent years.4 The application of FCVB provides effective strategies for novel artificial vitreous substitutes.5 In some 
clinical trials, FCVB was applied to maintain eyeball integrity and save partial sight, showing good stability and efficacy 
after implantation surgery. After foldable capsule put into the eyeball, SO is injected through the tubevalve system to 
inflate the capsule. According to the Chinese State Food and Drug Administration (No. G20080656) and additional tests 
conducted in accordance with International Standardization Organization guidelines, the FCVB has good mechanical, 
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optical, and biocompatible properties.6 Optical properties showed that the material has high light transmission and laser 
irradiation stability.6

In this study, we reviewed previous studies on the clinical application of FCVB and evaluated the feasibility of 
application in eight eyes after FCVB implantation.

Materials and Methods
This study was reviewed and approved by the ethics committee of Shanghai Tongren Hospital (NO.2022–013). The 
clinical trials complied with the principles of the World Medical Association Declaration of Helsinki, according to 
CONSORT guidelines. All patients were informed and signed an informed consent form. The FCVB implantation 
surgery was conducted according to the standard manufacturer’s procedure. In addition, this surgery is conducted 
regularly for patients meet the clinical indications at our hospital.

Patients
We performed a prospective nonrandomized study at the Department of Ophthalmology, Tongren Hospital, Shanghai Jiao 
Tong University School of Medicine from November 2021 to March 2022. Eight patients with severe retinal detachment 
that could not be easily reattached were included in this study. Among the eight patients, three had ocular rupture, two 
had ocular atrophy caused by endophthalmitis, and three had recurrent retinal detachment. The demographic and clinical 
characteristics of the various patients are shown in Table 1.

At our clinic, clinically assessed and eligible patients were asked if they were interested in participating in the study. 
Before applying, they decided whether they would like to participate, and if so, they provided their written informed 
consent.

The inclusion criteria were as follows: (1) a minimum age of 18; (2) treatment for eye vision, including hand 
movement (HM), light perception (LP), and no light perception (NLP); (3) axial length between 16 and 28 mm; (3) 
severe retinal detachment caused by ocular rupture or endophthalmitis; and (4) recurrent retinal detachment with SO 
tamponade.

The exclusion criteria were as follows: (1) suitable silicone oil-filled eyes; (2) serious heart, lung, liver, or kidney 
diseases; (3) pregnancy or brest-feeding female; (4) allergic to rubber.

FCVB Implantation Protocol
We performed all the FCVB implantation surgery by the same experienced surgeon. The surgical procedures are presented in 
previous studies.7 (Figure 1A) A standard three-channel 23G PPV was performed to remove the original or residual vitreous, 
SO, or vitreous hemorrhage and layers of proliferation membranes. Then, we attempted to reattach the retina as well as 
possible. (Figure 1B) A suitable type of FCVB capsule was prepared preoperatively according to the ocular axial length. 
A gas-tightness test was performed, and the structural integrity of FCVB was checked. (Figure 1C) An approximately 4 mm 
vertical incision on the sclera was made at the superior temporal position 4 mm from the limbus. (Figure 1D) An FCVB was 
folded and implanted into the ocular through the incision with a specific injector. (Figure 1E) The lens surface side faced the 
lens, and the drainage valve was fixed with 8–0 prolene suture. (Figure 1F) The FCVB capsule was filled with SO using 
a syringe while monitoring intraocular pressure during the operation. The injection volumes of SO were set appropriately 
according to capsule type and ocular length before surgery. (Figure 1G) The drainage tube was ligated and fixed to the sclera. 
(Figure 1H) Conjunctival suture was performed using absorbable 8–0 prolene.

Data Collection
Basic data included preoperative and postoperative IOP and VA. The IOP was tested by the same technician using the 
Goldmann applanation measurement technique, and the average of the three results was the final value. The anterior and 
posterior segments were evaluated using slit-lamp microscopy. Retinal reattachments were analyzed by optical coherence 
tomography (OCT) (Visante, Carl Zeiss Meditec, Dublin, CA) and B-scan (Aviso, Quantel Medical, Cinescan, France). 
Lastly, CT was used to evaluate the morphology of the ocular and the position of the FCVB.
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Table 1 Clinical Characteristics of Patients

Patient Age, y Sex OD/ 
0S

Main 
Diagnosis

Secondary Diagnosis History of Surgery FCVB 
Mode

Silicone 
Volume 
(mL)

Initial 
IOP 
(mmHg)

Final 
IOP 
(mmHg)

Initial VA 
(logMAR)

Final VA 
(logMAR)

Case 1 52 Male OD Ocular rupture SO tamponadeaphakic eye 

irideremia traumatic 
hyphema corneal 

degeneration

Scleral and corneal 

wound suturing; PPV+SO

AV-12P 3.5 5.3 6.5 NLP LP

Case 2 28 Male OD Ocular rupture SO tamponade aphakic eye 
traumatic hyphema corneal 

blood staining

Corneal wound suturing; 
PPV+SO

AV-13.5P 2.7 9.7 12.2 NLP LP

Case 3 33 Male OD Endophthalmitis Iris neovascularization 
atresia iridis corneal 

degeneration

No AV-12P 1.4 55 9.7 NLP NLP

Case 4 62 Female OS Recurrent 
retinal 

detachment

SO dependent eye 
pseudophakic eye diabetic 

retinopathy

PPV+SO+phaco+IOL 
implantation

AV-13.5P 2.7 24.7 16.1 HM/BE HM/BE

Case 5 67 Female OD Endophthalmitis SO tamponade corneal 
degeneration aphakic eye

PPV+SO; SO removal 
+phaco

AV-15P 2 2.2 7.6 NLP NLP

Case 6 68 Female OD Recurrent 

retinal 
detachment

Silicon oil tamponade 

choroidal detachment 
aphakic eye high myopia

PPV+SO+phaco+IOL 

implantation; SO removal; 
encircling scleral buckling

AV-17P 3.7 6.5 37.2 NLP NLP

Case 7 71 Female OD Recurrent 

retinal 
detachment

Ocular atrophy silicon oil 

tamponade aphakic eye high 
myopia

PPV+SO+phaco+IOL 

implantation; PPV+IOL 
removal;

AV-15P 3.6 14 11.2 NLP NLP

Case 8 36 Male OS Ocular rupture Ocular atrophy aphakic eye 

retinal detachment

Corneal wound suturing; AV-13.5P 2.7 5 10.2 LP HM/45

Abbreviations: OD, oculus dexter; OS, oculus sinister; PPV, pars plana vitrectomy; IOL, Intraocular lens; SO, silicone oil; IOP, intraocular pressure; VA, visual acuity; LP, light perception; NLP, no light perception; HM, hand movement; 
BE, before eyes.
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Figure 1 Surgical protocol of FCVB implantation. (A) A standard three-channel 23G pars plana vitrectomy was performed. (B) Gas-tightness test. (C) An approximately 
4 mm incision was made 5 mm from the limbus. (D) The FCVB was folded and implanted into the ocular through a specific injector. (E) Recognized the lens surface toward 
the lens and fixed the drainage valve with 8–0 prolene suture. (F) SO was injected slowly with a syringe while monitoring intraocular pressure during the operation. (G) The 
drainage tube was ligated and fixed to the sclera. (H) Conjunctival suture.
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Statistical Analyses
All results are expressed as mean ± standard deviation (SD). The t-test was used for comparisons of normally distributed 
binocular parameters before and after surgery; the Wilcoxon matched-pair signed-rank test was used for the analysis of 
nonnormally distributed data. The quantitative parameters were calculated using SPSS 15.0 (SPSS Inc., Chicago, IL, 
USA). All results were repeated at least three times, and p < 0.05 was considered significant.

Results
Baseline Information
Overall, 23G PPV and FCVB implantation were performed on eight patients in our department between November 2021 
and March 2022. Table 1 summarizes the demographic information and ocular condition of the patients. The patients 
included four males and four females with an average age of 52.1 ± 17.5 years (range, 28–71). Three patients (37.5%) 
presented with eyeball rupture, and they experienced scleral and corneal wound suturing shortly after the accident. Due to 
the terrible condition of both the anterior and posterior segments, 2 weeks later, a second procedure was performed to 
remove vitreous hemorrhage and support the retina with SO. Two patients (25.0%) presented with endophthalmitis with 
progressive ocular atrophy. One (12.5%) was diagnosed with SO-dependent eyes with recurrent retinal detachment. This 
patient had experienced PPV and SO injection twice before. Two (25.0%) presented with recurrent retinal detachment, 
high myopia, and SO tamponade, and also experienced PPV and encircling scleral buckling twice. We evaluated 
efficiency, reaction, and safety during the early postoperative period during 1 month.

Analysis of Postoperative Reactions to FCVB Implantation
No leakage of SO from the FCVB occurred. Inflammatory responses, such as inflammatory cells and keratic precipitates, 
were observed in the anterior chamber. The anterior chamber reaction was apparent on the first day after surgery and 
gradually declined and eventually disappeared completely in one week.

Among eight cases, two operations were induced with general anesthesia, while six were under retrobulbar nerve 
block anesthesia. The anesthetic mode was determined before the surgery, depending mainly on the patient’s preference 
and physical condition. Three patients (37.5%) experienced eye ache, and after taking a Saridon tablet, the pain was 
greatly alleviated.

Analysis of the Efficacy of FCVB Implantation
Corneal blood staining in the anterior chamber was found in three ocular rupture cases, and after surgery, hemorrhage in 
the anterior segment was obviously reduced, as shown in Case 1 (Figure 2). However, corneal degeneration remained in 
three patients.

FCVB implantation surgery was performed successfully in all eight patients. The FCVB was well distributed in the 
vitreous cavity and evenly supported the retina according to the CT images after the operation (Figure 3A and B). Good 
profile and structure of the eyeballs were visible after FCVB implantation according to the B-scan, and no vitreous 
hemorrhage or retinal detachment was found in any of the patients (Figure 3C–F). Three patients were in the early stage 
of ocular atrophy before the operation. During the follow-up period, normal external appearances remained, and ocular 
atrophy made no progress in any of the cases.

As shown in Table 1, VA in Case 1 and Case 2 improved from NLP to LP after surgery. Besides, Case 8 improved VA 
significantly from LP to HM/45cm post-operation. The others showed no change in VA after surgery.

Analyzing the Safety of FCVB Implantation
No adverse events, such as SO spillage and emulsification or serious complications, occurred. Moreover, no rejection reaction 
was caused by the FCVB rubber. No drainage tube of FCVB was exposed outside the conjunctiva in any of the cases.
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Figure 4 shows the IOP trends during the follow-up period. Before surgery, three patients had normal IOP, while two 
patients had ocular hypotony. On the first postoperative day, the average IOP increased from 9.6 ± 7.7 mmHg 
preoperatively to 13.8 ± 14.3 mmHg, and the IOP of two patients was outside the normal range. With the effects of 
ocular hypotensive agents, the IOP held steady since the 180 days postoperative day in all cases.

One eye showed postoperative hypotony (Case 1, Table 1). Before the FCVB implantation, his IOP was 5.3 mmHg. 
After implanting an AV-12P FCVB capsule, his IOP was 5 mmHg and 4 mmHg 1 and 3 days after surgery, respectively. 
After 1 month, his IOP was 9.2 mmHg and remained steady then.

One patient underwent acute high intraocular pressure with nausea and vomiting on the day of surgery. Her IOP was 
T + 3 six hours after the surgery and was 45.2 mmHg on the first postoperative day. After intravenous mannitol and 
medications of decreasing IOP, all symptoms vanished, and IOP returned to normal 3 days after surgery.

Discussion
In our study, we found that retinal reattachment was successful and no keratophy, glaucoma, SO leakage, emulsification, 
or other complications occurred during this observation period. These results may demonstrate that FCVB is safe and 
effective in treating severe RD.

Retinal reattachment is vital for FCVB implementation in patients with severe RD. The vitreous substitute is 
necessary to tamponade the reattached retina after vitrectomy for severely damaged eyes.8 Retinal detachment is difficult 
to treat because each case is unique, varying with the location, size, and duration of the detachment, as well as patient 
age.9 There are several surgical approaches, such as scleral buckling (SB), PPV, and pneumatic retinopexy (PR); 
however, no consensus has been reached on which approach is ideal.10 Thus, we found that FCVB displayed better 
results in retinal reattachment, which is consistent with previous studies.7

IOP is an essential factor in sustaining the shape of the eye. Previous studies have shown that post-vitrectomy 
hypotony is a well-recognized postoperative complication in eyes after severe PVR and severe ocular trauma surgery.11 

Figure 2 Corneal blood staining in the anterior chamber was found before surgery (A) After surgery, anterior chamber hyphema was significantly absorbed. (B). The FCVB 
contains a capsule, drain tube, and drain valve.
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Hypotony may occur as a result of the increased absorption of intraocular fluid through the area of the bare retinal 
pigment epithelium. Scar tissue can cause dysfunction of the ciliary epithelium and/or mechanical detachment of the 
ciliary body (CB).12 In addition, IOP reduction was also a predictive factor in phacocanaloplasty with suprachoroidal 
drainage.13 Therefore, in our study, we used IOP as the main postoperative examination indicator. We found that the IOP 

Figure 4 Changing trend of IOP before and after surgery.

Figure 3 CT and B-scan images before and after surgery. (A) CT image before the surgery in Case 5. (B) CT image one month after the surgery in Case 5. (C) B-scan image 
before the surgery in Case 2. (D) B-scan image 1 month after the surgery in Case 2. (E) B-scan image before the surgery in Case 5. (F) B-scan image 1 month after the 
surgery in Case 5.
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was lower after surgery, which was consistent with previous studies. The change in IOP may be associated with transient 
hypotony.14 The possible mechanisms may be inflammatory response, reoperations, and length of the procedure. 
Inflammatory responses result from the surgical scleral incision and CB local injury, which could contribute to 
hypotony.15

Enucleation is one of the most difficult and final therapeutic decisions in ophthalmologists, which involves 
removing the entire globe with the separation of all connections from the orbit, including optic nerve transection.16 

The three most common indications for enucleation are malignancy, trauma, and a blind eye with intolerable pain. 
Trauma is the leading indication of enucleation and the leading cause of blindness.17 Whenever possible, the 
traumatized eye should initially be adequately treated and dealt with by surgeons. Primary closure of the wound 
allows for planned secondary repair surgery.16 Angela et al found that primary enucleation or evisceration was 
performed in 27% of all eye removals, and enucleation was performed in 69.6% of all eye removals.18 In a case- 
control study, the extrusion of iris/lens, PVR-C, and choroid damage were the independent risk factors for 
unfavorable outcomes in explosion-related eye trauma.19 There are also many treatments in this process. 
However, in cases of severe infection, such as panophthalmitis with extraocular extension, it is reasonable to 
consider a two-stage approach to decrease the risk of infectious complications. One option illustrated by this case is 
enucleation with the insertion of an antimicrobial-eluting cement implant,20 followed by a secondary procedure to 
exchange the cement with a permanent orbital implant. In our study, we used FCVB to serve RD patients and found 
that FCVB can avoid the inconvenience caused by SO dependence and enucleation, which is consistent with 
previous studies.21

A number of studies have found that FCVB has good physical properties, optical properties, and biocompatibility 
in vivo, vitro, and animal studies.22,23 However, there is currently insufficient evidence in clinical studies to prove 
that it is safe and effective. Therefore, in our study, we summarized previous studies on FCVB and sorted out the 
effects of FCVB (Table 2). In such patients, the aim of treatment is globe preservation rather than vision restoration. 
Because such conditions are generally rare, this treatment has not been widely used in clinical practices.24 For 
severe retinal detachments, FCVB has high retinal reattachment and has been shown to be flexible, effective, and 
safe as a vitreous substitute over a 3-month implantation time.4 A 1-year exploratory analysis of SO-filled FCVB 
treatment for severe retinal detachment showed that FCVBs had good efficacy and safety.24 Li et al found that 
FCVB implantation was an effective and safe treatment in 20 patients with severe ocular trauma or SO dependent 
eyes.25

In addition, FCVB also plays an important role in drug delivery system (DDS). Due to numerous 300 nm tiny 
apertures on the surface of the capsule, FCVB can act as an intravitreal drug delivery system, and release drugs following 
associated pharmacokinetics synchronously. Moreover, FCVB cannot change the chemical property of drugs.26 For 
instance, Liu et al found that FCVB mechanically releases dexamethasone sodium phosphate (DexP) from its capsule, 
which can be detected up to 28 days. It has been proven that FCVB can sustainably and mechanically release DexP by 
capsule apertures in a time-dependent and dose-dependent manner in addition to serving as a vitreous substitute.27 Hence, 
the FCVB is a new potential approach to meet the demand for combining vitreous substitutes and drug treatments.

There are some limitations to our study. First, the sample size of this study is small, and there is a lack of long-term 
follow-up results. At the same time, follow-up time can be up to 1 year or longer, which leads to the loss of follow-up. 
Second, this study was not a randomized controlled study, and the persuasiveness of the clinical evidence was somewhat 
diminished. To ensure the superiority and safety of FCVB among all vitreous substitutes, it is worth conducting large- 
scale comparative clinical trials in the future.

Conclusion
The current vitreous substitute FCVB is an alternative treatment for enucleation in eyes with end stage complex retinal 
detachments that failed repeated traditional retinal surgeries in ophthalmic applications. Further clinical design of FCVB 
should focus on complications during the long-term follow-up period.
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Table 2 Article Review from PubMed About FCVB

Citation Year Patients Main Diagnosis Age, y Male (%) Follow-Up Study Design Outcome

Lin X et al4 2011 11 Ocular contusion; 
penetrating ocular 
injury;

27.5(13–53) 10(11) 3 months Observed 11 patients with severe RD 
during a 3-month implantation period.

FCVB was shown to be a flexible, effective, and 
safe vitreous substitute in the treatment of 
severe RD.

Zhang R et al28 2011 9 Ocular contusion; 
Penetrating ocular 
injury;

29.3(13–53) 9(100) 3 months Three cardinal axes of nine eyes were 
examined using MRI at baseline and at 
the 3-month follow up.

MRI is very useful to monitor the supporting 
role of an FCVB in the treatment of severe 
retinal detachment

Lin X et al24 2012; 
2016

3 1 Ocular contusion; 1 
Penetrating ocular 
injury

31.3(19–53) 2(66.7) 12 months; 3 years Compared FCVB with BSS and with SO 
in the rabbit model, and observed 3 eyes 
with FCVB implant during 12 months.

Silicone oil–filled FCVB was effective and safe in 
3 severe RD eyes.

Zhang X et al25 2019 20 Ocular rupture; ocular 
atrophy after SO 
tamponade; SO 
dependent eye; 
endophthalmitis; RD; 
CHD

40.1(2–65) 17(20) 12 months 0bserved 20 patients with severe ocular 
trauma or silicone oil (SO) dependent 
eyes underwent FCVB implantation in 
a 1-year follow-up.

FCVB implantation was an effective and safe 
treatment in the eyes with severe RD.

Chen S et al29 2021 27 Eyeball rupture; 
perforating eye injury; 
penetrating eye 
injuries; recurrent RD; 
ocular blunt trauma.

39.7(20–69) 26(27) At least 6 months Observed 26 patients with severe ocular 
trauma and one with recurrent RD 
underwent FCVB implantation combined 
with silicone oil tamponade.

FCVB combined with silicone oil tamponade 
showed good efficacy and safety in severe RD 
treatment.

Deng J et al30 2021 26 Ocular rupture; SO- 
dependent eyes;

36.0(20–60) 23(26) 10 to 14 months Evaluated the long-term effect of foldable 
capsular vitreous body (FCVB) in the 
treatment of severe ocular rupture

FCVB implantation is a long-term effective 
treatment for severe ocular rupture.

Liu N et al31 2021 5 SO-dependent eyes; 32.0(18–46) 3(5) 12 to 15 months Observed 5 patients of severe silicone 
oil-dependent eyes underwent FCVB 
implantation

The FCVB is a safe, feasible, and effective 
vitreous substitute to maintain ocular 
morphology and intraocular pressure

Xu X et al5 2021 18 Ocular trauma; SO- 
dependent eyes

50.6(34–70) 17(18) 12 months Observed 18 patients who underwent 
vitrectomy and FCVB implantation for 
severe ocular trauma and silicone oil- 
dependent eyes

FCVB implantation is an effective and safe 
treatment for eyes with severe ocular trauma 
and silicone oil-dependent eyes.

Zhang Z et al7 2021 27 RD; posterior trauma Air group:41.8±13.5 
Viscoelastic 
group:42.4±14.2

Air group:10 
(13) 
Viscoelastic 
group:11(14)

6 months To compare the outcomes of viscoelastic 
substance injection with air filling in the 
anterior chamber during FCVB implant 
surgery in patients with severe retinal 
disease.

The use of viscoelastic substances in the 
anterior chamber during FCVB implant surgery 
was associated with less fluctuation in 
postoperative IOP and could reduce 
postoperative complications

Abbreviations: RD, retinal detachment; CHD, choroidal detachment; SO, silicone oil.
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