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Background: During the remove of oil from the silicone oil-filled eye after vitrectomy, perfusion fluid is 
often mistakenly aspirated when mechanical force is used to remove the oil. This leads to a sudden sharp 
drop in intraocular pressure and collapse of the eyeball, which may cause complications. The aspiration of 
perfusion fluid can be detected when the oil is removed manually, and the force of the hand and location of 
the aspiration can be adjusted to remove the silicone oil instead. In this study, we assessed the efficacy and 
safety of a manual 23-gauge (23G) silicone oil remove method and confirmed that this is a feasible, highly 
efficient, safe, simple and economical way to remove oil. 
Methods: We recruited 130 patients (130 affected eyes) 3–6 months after they had undergone vitrectomy 
and light silicone oil tamponade at our hospital. The patients/eyes were randomly divided into two groups 
(manual or vitrectomy system), with 65 eyes in each group. All eyes in both groups underwent 23G oil 
remove by the same physician. The following aspects of the two groups were compared: (I) oil remove 
duration; (II) average intraocular pressure at 1 day, 1 week and 1 month after the procedure; and (III) 
postoperative complications, such as retinal redetachment, silicone oil residue, massive suprachoroidal 
hemorrhage and choroid detachment.
Results: The average oil remove durations of the manual group and the vitrectomy system group were 
5.92±1.34 and 8.87±1.68 min, respectively (P<0.05); the duration for the manual group was significantly 
shorter than that for the vitrectomy system group (t=11.07, P=0). The average intraocular pressures at  
1 day, 1 week and 1 month after operation of the manual group were 10.2±2.7, 15.2±3.5 and 17.2±3.1 mmHg,  
respectively, and those of the vitrectomy system group were 9.8±2.4, 15.5±3.1 and 16.8±3.4 mmHg, 
respectively; the differences between the two groups were not statistically significant at any time point 
(t=0.892, P=0.374 at 1 day; t=0.517, P=0.606 at 1 week; and t=0.701, P=0.485 at 1 month). The difference in 
the incidence of postoperative complications, including retinal redetachment, silicone oil residue, massive 
suprachoroidal hemorrhage and choroid detachment, between the two groups was statistically significant 
(χ2=4.2787, P=0.0386). None of the affected eyes were complicated with transient intraocular hypotension, 
vitreous hemorrhage or endophthalmitis.
Conclusions: The manual 23G silicone oil remove method is highly efficient, safe, simple and economical 
and can be used conveniently and clinically by the majority of medical institutions.
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Introduction

At present, vitrectomy combined with silicone oil 
tamponade has obvious advantages for closing retinal holes, 
resetting the retina and restoring vision for the treatment 
of complicated retinal detachment, severe eye trauma, 
suppurative endophthalmitis and intraocular tumors (1). 
Due to the biological actions of the eye tissue, the silicone 
oil used to fill the eye will often emulsify after a certain 
period of time and can cause various complications (2), 
such as complicated cataract, secondary glaucoma, corneal 
endothelial decompensation and band-shaped corneal 
degeneration. Cheng et al. (3) found that long-term silicone 
oil placement in the eye can cause degenerative changes 
of the retina, leading to dissolution and breakage of the 
retinal tissue structure. Most scholars believe that it is the 
best to remove silicone oil 3–6 months after the retina has 
stabilized (4).

There are many ways to remove silicone oil. Depending 
on the incision locations, oil can be removed from the 
corneal tunnel through the pupil or from the pars plana. 
The incision diameter may be 20-gauge (G), 23G or 25G. 
In terms of incision repair after surgery, remove may be 
sutured or sutureless. The suction method used can involve 
active aspiration or passive perfusion (5). Remove via the 
corneal tunnel through the pupil is often used in cases with 
incomplete lens capsule; however, it has limitations and can 
cause corneal endothelium damage. Currently, increasing 
numbers of medical institutions remove silicone oil through 
the sclera plana using a 20G incision since the method is 
efficient, simple and economical. However, this method 
also has disadvantages, such as the need to cut open the 
conjunctiva, the large incision required at the conjunctiva 
and sclera, the lack of microcannula protection at the 
incision, the repeated passage of the oil remove needle into 
and out of the vitreous cavity, and the creation of iatrogenic 
retinal holes and retinal redetachment caused by pulling the 
retina surrounding the incision. In recent years, with the 
extensive clinical application of 23G and 25G vitrectomy, 
many clinicians have used these systems for active silicone 
oil remove to avoid the shortcomings of remove via 20G 
sclera plana incision, which include large incisions, injury 
and a lack of microcannula protection. However, 23G and 
25G vitrectomy methods also have disadvantages in clinical 
application, such as the high cost of 23G and 25G surgical 
kits, the low efficiency of oil remove and the likelihood 
of eye collapse due to the high negative pressure of the 
machine during oil remove (6). Therefore, we cut a section 

of the polyethylene infusion tube and connected it to a 5-mL 
syringe. Approximately 3 mm of the polyethylene infusion 
tube was exposed. The tube was placed on the microcannula 
of the supratemporal 23G scleral puncture, perpendicular 
to the scleral surface. The silicone oil was removed by the 
negative pressure generated by pulling the piston handle by 
hand. Compared with methods of vitrectomy system, this 
method is simple and has excellent efficacy. We report this 
method below.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-949).

Methods

Subjects

Patients who had undergone vitrectomy combined with 
light silicone oil tamponade 3–6 months were recruited 
from our hospital between Jan 2016 and Jan 2018. The 
study was approved by the ethics committee of the hospital, 
and all patients signed informed consent. The eyes were 
stable, the retinas were recovered, and the holes were 
closed. A total of 130 patients (130 eyes) were included 
in the study, including 73 males (73 eyes) and 57 females  
(57 eyes). The age ranged from 60 to 75 years, and the 
average age was 65.6±15.7 years. Prior to the surgery, all 
patients underwent best corrected visual acuity testing 
(LogMAR BCVA), intraocular pressure testing, slit-lamp 
microscopy, indirect ophthalmoscopy and A and B-mode 
ultrasound evaluation. Patients with glaucoma, recurrent 
retinal detachment, choroidal hemorrhage and detachment 
prior to the operation were excluded. According to Random 
number table, patients were randomly divided into two 
groups, including 65 eyes in the manual oil remove group 
and 65 eyes in the vitrectomy system oil remove group. 
The 23G silicone oil removes of the patients in both groups 
were completed by the same physician.

The general conditions of the two groups of patients did 
not differ significantly (P>0.05) (Table 1).

Procedure

Prior to surgery, the pupils of both groups were fully dilated, 
and the patients underwent retrobulbar anesthesia with  
2.5 mL 0.75% ropivacaine. If combined cataract surgery was 
required, the patients first underwent phacoemulsification 
cataract surgery and intraocular lens implantation, followed 
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by silicone oil remove. An Alcon 23G paracentesis knife 
was inserted to the vitreous cavity vertical to the sclera 
in the infratemporal and supratemporal quadrants of the 
surgical eye, 3.5–4.0 mm from the cornea. A microcannula 
was placed at the incision after the paracentesis knife was 
removed. A perfusion tube was placed at infratemporal area 
and was connected to a bottle of lactated Ringer’s solution. 
The perfusion pressure of the Constellation vitrectomy 
machine (Alcon) was set at 30 mmHg. (I) Manual oil remove 
group: a prepared polyethylene tube (which could be cut 
from the infusion tube) was connected to a 5-mL syringe. A 
section of the tube was cut with scissors, and approximately 

3 mm of the tube was exposed (Figure 1). The cut surface 
of the tube should be smooth and flat to ensure airtightness 
and avoid unnecessary conjunctival injury. The syringe 
that was connected to the polyethylene tube was placed 
perpendicular to the scleral surface onto the ace onto the 
surface ontoocannula  on the supratemporal sclera. The 
piston handle of the syringe was pulled to generate negative 
pressure, and the silicone oil was aspirated into the syringe 
(Figure 2). When aspirating the silicone oil, it is important 
to release the force according to the load change sensed by 
the finger to prevent additional pulling if the perfusion fluid 
is aspirated and the load disappears suddenly. Otherwise, 

Table 1 Comparison of the general conditions of the two groups of patients

Group
Number 
of eyes

Sex  
(male/female)

Average age 
(years)

Silicone oil tamponade 
duration (months)

Average preoperative 
LogMAR BCVA 

Average postoperative 
intraocular pressure

Manual oil remove 
group

65 35/30 65.1±14.3 4.3±1.2 1.72±6.1 17.8±4.0

Vitrectomy system oil 
remove group

65 38/27 66.2±17.1 4.6±1.4 1.70±0.54 17.3±4.5

χ2 value – 0.28 – – – –

t value – – 0.398 1.312 0.132 0.669

P value – 0.60 0.69 0.192 0.896 0.504

Figure 1 A section of the tube was cut. Figure 2 The silicone oil was aspirated into the syringe. 
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a sudden drop in intraocular pressure may result, leading 
to eyeball collapse, retinal redetachment, choroidal 
detachment and even massive suprachoroidal hemorrhage. 
When the oil and fluid interface was observed in the pupil 
area, the position of the scleral puncture was adjusted to 
ensure that the silicone oil was aspirated smoothly and to 
reduce sudden changes in intraocular pressure caused by 
the sudden aspiration of the perfusion fluid. The silicone 
oil was removed completely when the perfusion fluid had 
a linear shape and no obvious oil droplets floated in the 
vitreous cavity. (II) The 23G vitrectomy system oil remove 
group: Silicone oil was removed by the Constellation 23G 
vitrectomy system by the Alcon company (with negative 
pressure set at −500 mmHg, 1 mmHg =0.133 kPa), and the 
remove was stopped when no obvious silicone oil droplets 
were detected in the vitreous under microscopy. (III) The 
duration from the beginning to the end of oil remove was 
recorded for each eye. The scleral and bulbar conjunctival 
incisions were closed using an 8-0 Ethicon synthetic 
absorbable surgical suture, and the operation was completed 
after the eye was sealed with tobramycin and dexamethasone 
ophthalmic ointment.

Observation indicators

The following indicators were observed: the oil remove 
duration of the affected eyes in both groups; the average 
intraocular pressure of the affected eyes before surgery 
and at 1 day, 1 week and 1 month after surgery; the total 
incidence of postoperative complications, including retinal 
redetachment, silicone oil residue, massive suprachoroidal 
hemorrhage, choroid detachment, transient intraocular 
hypotension, vitreous hemorrhage and endophthalmitis.

Statistical analysis

Data were analyzed with SPSS 13.0 statistical software. 
Continuous variables were expressed as the mean ± standard 
deviation (SD) and compared using an unpaired two-
sided Student’s t-test when normal distribution and equal 
dispersion were confirmed. Categorical variables were 
expressed as percentages (%) and compared using χ2 analysis 
or Fisher’s exact test if necessary. Differences with P<0.05 
were considered statistically significant.

Results

The average oil remove durations of the manual group and 
the vitrectomy system group were 5.92±1.34 and 8.87± 
1.68 min, respectively, and the two groups differed 
significantly (P<0.05, Table 2).

The average intraocular pressures at 1 day after the 
procedure for the manual group and the vitrectomy system 
group were 10.2±2.7 and 9.8±2.4 mmHg, respectively. 
Those at 1 week after the procedure were 15.2±3.5 and 
15.5±3.1 mmHg, respectively, and those at 1 month 
after the procedure were 17.2±3.1 and 16.8±3.4 mmHg, 
respectively. The two groups did not differ significantly 
(Table 2).

In the manual oil remove group, one patient had retinal 
redetachment, 5 patients had silicone oil residue, no patients 
had suprachoroidal hemorrhage, 1 patient had choroid 
detachment, and the incidence rate of complications was 
10.7692%. In the vitrectomy system oil remove group, 4 
patients had retinal redetachment, 5 patients had silicone 
oil residue, 1 patient had suprachoroidal hemorrhage, 1 
patient had choroid detachment, and the incidence rate 

Table 2 The average oil remove duration and intraocular pressure at 1 day, 1 week and 1 month after the procedure

Group
Number  
of eyes

Average oil remove 
duration (min)

Intraocular pressure at 1 
day after remove (mmHg)

Intraocular pressure at 1 
week after remove (mmHg)

Intraocular pressure at 1 
month after remove (mmHg)

Manual oil remove 
group

65 5.92±1.34 10.2±2.7 15.2±3.5 17.2±3.1

Vitrectomy system 
oil remove group

65 8.87±1.68 9.8±2.4 15.5±3.1 16.8±3.4

t value – 11.07 0.892 0.517 0.701

P value – 0 0.374 0.606 0.485
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of complications was 17.69%. The two groups differed 
significantly in the incidence of complications (χ2=4.2787, 
P=0.0386). None of the affected eyes were complicated with 
transient intraocular hypotension (7), vitreous hemorrhage 
or endophthalmitis.

Discussion

Silicone oil has been used as an intraocular filler since  
1962 (8). Although with the continuous evolution and 
progress of vitreous surgery, inert gas (C3F8) or filtered 
air have been used as replacements for silicone oil for 
intraocular tamponade during vitreous surgery, silicone oil 
is still irreplaceable in many vitreous surgeries, including 
those for complicated retinal detachment, proliferative 
diabetic retinopathy, complicated ocular trauma, intraocular 
tumors and endophthalmitis. If long-term silicone oil 
tamponade causes secondary glaucoma, complicated 
cataract, band-shaped corneal degeneration and silicone 
oil emulsification (9,10), the silicone oil can be removed 
normally 3–6 months after vitrectomy, when the retina has 
recovered, the eye is stable, and there is little emulsified 
silicone oil.

Consensus indicates that silicone oil remove methods 
should be efficient, safe, and convenient and that 
consumables should be low in cost. The manual 23G 
silicon oil remove method that we developed has a low 
cost associated with consumables, is safe, and only requires 
the connection of a small piece of disposable polyethylene 
infusion tube to a 5-mL syringe. Oil is removed by the 
physician pulling the syringe with the fingers. During 
the procedure, the operator can sense the sudden drop 
in force when perfusion fluid is aspirated; thus, the 
pulling on the syringe can be released immediately to 
prevent eyeball collapse and related complications, such 
as retinal redetachment, choroid hemorrhage (even 
massive suprachoroidal hemorrhage), and ciliary body 
epithelial detachment. The use of 10-mL syringes is not 
recommended. On one hand, a 10-mL syringe is so long 
that it is not easy to pull it by hand or to control the 
direction of the microcannula during the procedure. On 
the other hand, silicone oil is directly aspirated through the 
microcannula, and not much pulling force is required to 
smoothly remove silicone oil with a viscosity of 5000.

Compared to the conventional 20G method, in which oil 
is removed by placing a trocar through the scleral plana, the 
manual 23G silicone oil remove method is safer: it involves 
placing the polyethylene tube on the 23G microcannula at 

the supratemporal sclera so that the tube is in close contact 
with the conjunctiva on the scleral surface, which creates 
negative pressure that is used to remove the silicone oil. 
In contrast, the 20G scleral planar oil remove method 
requires insertion of the cannula into the vitreous cavity; 
if intraocular perfusion fluid is accidentally removed and 
the eyeball collapses, it may damage the retina, leading 
to retinal detachment and bleeding in the eye tissue. 
Additionally, our manual 23G method does not require 
cutting the conjunctiva; in contrast, making a 20G incision 
leads to considerable damage. Furthermore, our method 
does not require repeated insertion of the cannula into the 
eye, which causes retinal rupture close to the incision and 
leads to recurrent retinal detachment.

In recent years, the vitrectomy system has been used 
for oil remove. In 2010, Patwardhan et al. (11) reported 
the application of the vitrectomy system for the remove 
of silicone oil with a viscosity of 1,000. Song et al. (12) 
and Garodia et al. (13) used a specialized aspiration system 
through the 23G vitrectomy system to remove highly 
viscous silicone oil and assessed the efficacy and safety 
this system. With the increasing popularity of minimally 
invasive 23G and 25G vitrectomy systems, these systems 
have overcome many disadvantages of conventional 20G 
oil remove through the scleral plana and have gradually 
gained favor among many clinicians. However, they still 
present some difficulties: (I) the scleral puncture diameter 
is small, making it difficult for the silicone oil to pass 
through smoothly and making the procedure very time 
consuming. Additionally, with the high negative pressure, 
aspiration does not stop immediately when the perfusion 
fluid in the vitreous cavity is accidentally aspirated; this 
causes sudden collapse of the eyeball, which may lead to 
massive suprachoroidal hemorrhage, choroid detachment 
and recurrent retinal detachment (14,15). (II) Oil remove 
materials are expensive, increasing the cost of surgery. In 
addition, this method cannot be performed on a large scale 
due to lack of appropriate equipment at some medical 
institutions. Comparing the manual 23G oil remove method 
with the 23G vitrectomy system oil remove method, 
we made the following observations: (I) the oil remove 
duration is shorter with the manual method; consequently, 
this method is more efficient. The reason for this reduced 
duration is that in the manual method, the polyethylene 
tube is placed outside of the 23G cannula of t; this presses 
the surrounding conjunctiva and sclera perpendicularly 
and creates excellent sealed negative pressure during 
remove, so that the silicone oil is aspirated directly from the 
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cannula. In contrast, with the vitrectomy system oil remove 
method, the needle is inserted directly into the cannula for 
oil remove; the diameter of the needle is too small for the 
silicone oil to pass through smoothly, making the process 
very time consuming and less efficient than the manual 
23G oil remove method. (II) The intraocular pressure at 
1 day, 1 week and 1 month after the procedure did not 
differ significantly between the two groups. (III) Due to the 
large internal diameter of the 23G cannula, the negative 
pressure used for oil remove in the manual method was not 
high, and the operator’s fingers could sense the accidental 
aspiration of the perfusion fluid in the vitreous cavity at all 
times and stop it immediately. As a result, the incidences 
of postoperative retinal redetachment, silicone oil residue, 
massive suprachoroidal hemorrhage and choroidal 
detachment were lower than those of the vitrectomy system 
oil remove method, making the manual method safer.

Conclusions

The objectives of the oil remove procedure are to remove 
as much silicone oil as possible, reduce the operation 
duration and improve surgical efficiency under the premise 
of preventing complications (16-20). An analysis of the 
effects of manual 23G oil remove shows that the procedure 
is highly efficient and safe. Therefore, we offer an efficient, 
safe, simple and economical silicon oil remove method that 
is convenient for extensive use by medical institutions at all 
levels.
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