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Original Article

Microincision phacoemulsification combined with sutureless transpupillary 
passive silicone oil removal

Mithun Thulasidas, Hemlata Gupta, Mahipal S Sachdev, Avnindra Gupta1, Lalit Verma1, Sanchi Vohra

Purpose: To evaluate the outcomes of combined microincision phacoemulsification with sutureless 
transpupillary silicone oil  (SO) removal using an irrigation probe of bimanual irrigation/aspiration. 
Methods: We conducted a single‑center retrospective study, including patients who had undergone 
phacoemulsification with transpupillary removal of SO, which had been used for intraocular tamponade 
after a previous pars plana vitrectomy. Outcome measures were corrected distance visual acuity (CDVA), 
refractive error, intraocular pressure  (IOP), and endothelial cell count  (ECC) evaluated preoperatively 
and postoperatively at 3‑month follow‑up. Any intraoperative or postoperative complications, duration 
of surgery, and final retinal status at 3 months were also noted. Results: Seventy‑four eyes  (74 patients) 
were analyzed. The mean interval between SO placement and cataract surgery was 4.73 months (standard 
deviation  [SD]: 1.02). CDVA improved in 66  (89.2%) eyes and remained the same in 8  (10.8%) 
eyes (P < 0.001). The mean postoperative spherical equivalent was −0.96D (SD: 0.75) at 3 months (P < 0.001). 
There was a significant drop in IOP from 15.08 mmHg (SD: 2.67) preoperatively to 11.64 mmHg (SD: 2.02) 
postoperatively (P < 0.001). The average ECC loss was only 5.7% at 3 months postoperatively. The mean 
surgical duration was 17.20 min (SD: 7.02). One patient had retinal redetachment and required resurgery. At 
3 months, the retina was attached in all patients. Conclusion: Combined microincision phacoemulsification 
with transpupillary passive SO removal using irrigation probe of bimanual irrigation/aspiration is a safe, 
effective, and less invasive technique that offers the main advantage of reduced surgical trauma, and should 
be reserved for patients with a stable retina, not requiring additional surgical intervention.
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Silicone oil (SO) is commonly used as endotamponade in pars 
plana vitrectomy for complicated cases such as giant retinal 
tears and tractional retinal detachment (RD), which provides 
a clear view of the fundus in comparison with gas and also 
inhibits postoperative vitreous hemorrhage.[1‑3] However, 
the incidence and severity of complications associated 
with intraocular SO such as secondary glaucoma, posterior 
subcapsular cataract  (PSC), band keratopathy, and possible 
neural toxicity increase with the duration of SO tamponade.[4‑6] 
Therefore, it is suggested that SO should be removed when 
it is no longer needed to keep the retina attached.[7,8] The 
occurrence of PSC is seen in nearly 100% of the eyes in whom 
SO remains in  situ for more than 3 months.[9,10] Even early 
removal of SO (within 6 weeks of injection) is associated with 
a high incidence of late cataracts.[11] When a visually significant 
cataract in a SO‑filled eye with visual potential develops, 
cataract surgery is indicated with SO removal.[12,13]

Different techniques of combined phacoemulsification and 
SO removal through a planned posterior capsulorhexis has 
been described.[12‑24] SO removal without the use of a separate 

infusion mechanism was first described by Jonas et al. where 
SO was removed through a planned posterior capsulorhexis 
and sclerocorneal tunnel, using a 20‑gauge cannula.[14] These 
approaches use either active or passive phenomena for SO 
removal. However, no technique has used the irrigation 
probe of bimanual irrigation/aspiration  (I/A) for passive 
hydrodynamic expression of SO without active aspiration, 
through a 2.2 mm clear corneal incision. The purpose of the 
present study was to evaluate the outcomes of combined 
microincision phacoemulsification with transpupillary 
passive SO removal using an irrigation probe of bimanual I/A.

Methods
This single‑center retrospective study conducted at 
our eye hospital analyzed the data of patients who had 
undergone microincision phacoemulsification combined 
with transpupillary SO removal between January 2018 and 
December 2019. The study was approved by the institutional 
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ethics committee and adhered to the tenets of the Declaration 
of Helsinki. Informed consent was obtained from all patients 
before undergoing the procedure.

All patients had previously undergone pars plana 
vitrectomy and infusion of 1000 centistokes SO for different 
vitreoretinal pathologies, before the development of a visually 
significant cataract. Intraocular lens (IOL) power calculation 
for cataract surgery was carried out in SO mode by applying 
the Sanders-Retzlaff-Kraff-Theoretical (SRK-T) formula in IOL 
Master 700 (Carl Zeiss Meditec, Jena, Germany). Those patients 
with emulsified SO, unstable retina, open break, epiretinal 
membrane, subretinal fluid, active proliferative process traction 
on the retina or unhealthy corneal endothelium at the time of 
cataract surgery, and <3 months follow‑up were excluded.

Surgical technique
The procedure was performed with the patient under peribulbar 
local anesthesia. The local block consisted of a 50:50 mixture 
of 3 mL 2% lignocaine and 3 mL 0.5% bupivacaine mixed 
with 1 mL sodium hyaluronidase and was administered in a 
standard fashion. The procedure consisted of a 2.2 mm corneal 
incision at the superior/superotemporal position, two side‑port 
paracentesis incisions at two clock hours away from the main 
incision, injection of an ophthalmic viscoelastic device (OVD) 
into the anterior chamber, continuous curvilinear capsulorhexis, 
hydrodissection, endocapsular phacoemulsification of lens 
nucleus, aspiration of the remaining cortical lens material using 
I/A, and creation of a preplanned posterior capsulorrhexis using 
utrata forceps with an approximate diameter of 3–4 mm in the 
central area of the posterior lens capsule. The irrigation probe of 
bimanual I/A was then kept in the midvitreous cavity through 
the posterior capsulorhexis. The stream of fluid floated the SO 
out through the pupil and the corneal incision. The aspiration 
probe was used to depress the sclera at the site of the main 
corneal incision. Since SO is buoyant over water, it could float 
upon the surface, and scleral depression was used to move SO to 
a more central position beneath the posterior capsulorhexis. SO 
was expressed till the last bubble was seen coming out in toto. 
A fundus evaluation was done with an indirect ophthalmoscope 
to ensure that the retina was attached, and SO was completely 
removed. The capsular bag was then expanded with OVD, and 
foldable hydrophobic acrylic heparin‑coated IOL with 360° 
square edge design and optic diameter of 6 mm was implanted 
in the capsular bag or the ciliary sulcus (with optic capture) if the 
bag was unstable. OVD was aspirated using I/A, wounds were 
hydrated, and an intracameral injection of moxifloxacin (0.01%) 
was given. The main corneal incision was sutured with a 10–0 
nylon suture. Subconjunctival dexamethasone and gentamicin 
were given. This technique of sutureless transpupillary passive 
SO removal is shown in Video Clip 1.

Postoperative medications included topical antibiotics for 
10 days, topical steroids slowly tapered over 4–6 weeks, and 
topical nonsteroidal anti‑inflammatory drugs for 3 weeks. All 
patients were evaluated on the first postoperative day and at 
1 week, 3 weeks, and 3 months after surgery and, in addition, 
as indicated clinically.

Data collection
Demographic data collected from the records of the patients 
included age, gender, type of cataract, axial length (using IOL 
Master 700), primary diagnosis for the vitreoretinal surgery, 

and the interval between SO placement and cataract extraction. 
Data obtained before combined phacoemulsification and SO 
removal included corrected distance visual acuity (CDVA; using 
Snellen’s chart) measured as logarithm of the minimum angle 
of resolution (logMAR), refractive error measured as spherical 
equivalent, intraocular pressure  (IOP; using noncontact 
tonometer), and corneal endothelial cell count  (ECC; using 
specular microscopy [Topcon SP 3000P]).

Postoperative data included CDVA, refractive error, IOP, 
ECC, and final retinal status at 3‑month follow‑up. Any 
intraoperative or postoperative complications and the duration 
of surgery were also noted.

Statistical analysis
Continuous variables were presented as means  ±  standard 
deviation. Categorical variables were presented as 
frequency and percentage. Normality of data was tested by 
Kolmogorov–Smirnov test. Paired Student’s t‑test was applied 
to analyze the data. A probability value (P‑value) of <0.05 was 
considered statistically significant at a 95% confidence level. 
The statistical package for social sciences (SPSS) version 24.0 
was used in the analysis.

Results
Seventy‑four eyes of 74 patients (59 males and 15 females) were 
included in this study. The demographic characteristics of the 
study population are shown in Table 1. The mean age at the 
time of cataract surgery was 58.74 ± 7.84 years, ranging from 
29 to 70 years. The majority (87.8%) of the patients were in the 
age group of 50 to 70 years. The most common indication for 
the use of SO was rhegmatogenous RD in 48 eyes (64.9%), with 
the second most common indication being tractional RD in 
24 (32.4%) patients with diabetes. All eyes had SO placed as a 
primary procedure, and no additional encircling or segmental 
explant was used. The mean interval between SO placement 
and subsequent cataract surgery was 4.73 ± 1.02, ranging from 3 
to 7 months. The most common type of cataract observed was a 
combination of nuclear sclerosis with PSC, and the mean axial 
length was 23.79 ± 0.68 mm.

Table 1: Demographic characteristics of the study 
population

Characteristics n

Number of eyes (patients) 74 (74)

Age (years), means±SD 58.74±7.84

Gender
Male
Female

59
15

Primary diagnosis for the vitreoretinal surgery
Rhegmatogenous RD
Tractional RD (Diabetic retinopathy)
Traumatic RD

48
24
2

Interval between SO placement and cataract 
surgery (months), means±SD 4.73±1.02

Type of cataract
PSC+Nuclear sclerosis
PSC

53
21

Axial length (mm), means±SD 23.79±0.68

SD: Standard deviation, RD: Retinal detachment, SO: Silicone oil, PSC: 
Posterior subcapsular cataract



Figure 1: Preoperative and postoperative mean corrected distance 
visual acuity  (logMAR), Paired t‑test P  <  0.001, highly significant 
(at the end of 3 months)

Figure  2: Preoperative and postoperative mean intraocular 
pressure, Paired t‑test P  < 0.001, highly significant  (at the end 
of 3 months)

Figure 3: Preoperative and postoperative mean endothelial cell count, 
Paired t‑test P > 0.05, no significant difference (at the end of 3 months)

September 2021	 Thulasidas, et al.: Sutureless transpupillary passive silicone oil removal	 2313

The mean preoperative logMAR CDVA improved from 
1 ± 0.53 to 0.48 ± 0.42 at 3 months follow‑up (P < 0.001) [Fig. 1]. 
CDVA improved in 66 (89.2%) eyes and remained the same 
in 8  (10.8%) eyes. Fifty  (67.6%) eyes had a gain of  ≥2 lines 
of visual acuity. At 3 months, 8  (10.8%) eyes had a CDVA 
of logMAR >1.0, 28  (37.8%) eyes had a CDVA of logMAR 
1.0‑0.6 and 38 eyes  (51.4%) had a CDVA of logMAR </= 
0.48. No patients reported deterioration of visual acuity. 
The mean spherical equivalent decreased from 6.3  ±  0.8 
dioptres (D) preoperatively to −0.96 ± 0.75 D at the end of 3 
months (P < 0.001).

The mean preoperative IOP was 15.08 ± 2.67 mmHg and the 
mean postoperative IOP at 3 months follow‑up was 11.64 ± 2.02 
mmHg  (P < 0.001)  [Fig. 2]. Seven  (9.5%) patients who were 
started on ocular hypotensive drugs preoperatively (secondary 
to SO tamponade), did not require the medications after SO 
removal. Hypotony was not encountered in any of the patients 
during the postoperative phase.

Figure  4: Postoperative image of an eye with  (a) visualization of 
posterior capsulorhexis and (b) attached retina at 3 months

b

a
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The mean difference between pre and postoperative ECC 
at 3 months was 145.66 ± 65.19 cells/mm3 [Fig. 3]. The average 
percentage of endothelial cell loss was 5.7%. No patients had 
ECC <2,000 cells/mm3 or persistent corneal edema at 3 months 
postoperatively.

The mean surgical duration was 17.20 ± 7.02 min. None 
of the patients developed any intraoperative complications. 
There were no cases of vitreous hemorrhage, choroidal 
hemorrhage, cystoid macular edema, or IOL dislocation. No 
residual SO droplets were noted in the vitreous cavity, on 
the IOL surfaces, or in the anterior chamber. One patient had 
redetachment of the retina after 4 days of SO removal and 
required resurgery. At the end of 3 months, the retina was 
attached in all patients. Fig. 4 shows the postoperative image 
of an eye with visualization of posterior capsulorhexis and 
attached retina at 3 months.

Discussion
Pars plana vitrectomy combined with SO tamponade is a 
widely used technique for RD repair.[1‑3] However, SO can 
cause anterior segment complications, the most common being 
cataract formation.[4‑6,9,10] The exact mechanism for cataract 
formation induced by SO is unclear. SO placement against 
the posterior capsule and the induction of proliferation of 
lens epithelium by the underlying complicated RD may 
contribute to cataract formation.[8,9,15,25] Previous studies have 
reported different techniques for cataract extraction combined 
with SO removal without the use of a separate infusion 
port.[12‑14,16,17,19,20,22‑24] Our technique is different from the other 
approaches in that we used the irrigation probe of bimanual 
I/A for passive hydrodynamic expression of SO (without active 
aspiration) through a 2.2 mm clear corneal incision.

Phacoemulsification combined with the active aspiration 
of SO using I/A handpiece through a planned posterior 
capsulorhexis without a separate infusion port was described by 
Frau et al. and Boshra et al.[19,23] Conversely, phacoemulsification 
with passive SO removal was previously described by Assi 
et al. and Boscia et al.[12,17] However, Assi et al. used a 20‑gauge 
Rycroft cannula, and Boscia et  al. used a 16‑gauge curved 
cannula attached to balanced salt solution infusion for 
passive hydrodynamic expression of SO through the posterior 
capsulorhexis.[12,17] In the present study, we have used the 
irrigation probe of bimanual I/A to remove SO exclusively by 
the passive phenomenon.

There was a significant improvement in CDVA from 1 ± 0.53 
preoperatively to 0.48 ± 0.42 at 3 months follow‑up (P < 0.001) in 
our study, although most of the patients had a guarded visual 
prognosis. The postoperative CDVA improved in 66 (89.2%) 
eyes and remained stable in 8 (10.8%) eyes. These results are 
comparable to those reported by Zhu et al., and Dada et al.[13,18] 
Eight eyes had no improvement in visual acuity with logMAR 
CDVA >1.0 due to foveal thinning in four eyes and macular 
pucker in four eyes.

Achieving accurate refractive results in SO‑filled eyes often 
poses a dilemma in combined surgery as SO causes refractive 
changes and hampers IOL power calculation. The velocity of 
sound in SO of viscosity 1000 centistokes (987 m/s) is lower 
than in vitreous humor (1532 m/s).[26] This causes an apparent 
increase in axial length in SO‑filled eyes when measured 

by echography.[27,28] Though most biometry machines allow 
conversion of the speed of sound through vitreous to 987 m/s, 
the absorption of sound waves through SO and the resultant 
loss of sensitivity often make it impossible to get an accurate 
A‑scan.[29] In the present study, IOL power calculation was 
carried out in SO mode by applying the SRK‑T formula in the 
new swept‑source optical coherence tomography (SS‑OCT) 
based IOL Master 700 and the outcomes were reasonably 
accurate with a mean spherical equivalent of −0.96 ± 0.75 D 
postoperatively at 3 months. This is in comparison to the 
study by Boscia et al., which reported a mean postoperative 
spherical equivalent of  –0.86  ±  0.89 D.[12] However, Boscia 
et al. had calculated the IOL power by the modified SRK II 
formula using the axial length of the fellow eye and taking 
the preoperative refractive error of the operated eye into 
consideration.[12] The IOL Master 700 has an in‑built mode 
for SO‑filled eyes which enables the proper density and 
velocity adjustments automatically.[30] The SS‑OCT technology 
provides the benefits of image‑based measurement allowing 
the surgeon to view the complete longitudinal section of the 
eye, identification of irregular eye geometries such as lens tilt, 
and imaging of the fovea to ensure correct fixation during the 
measurements. Moreover, it has been shown to have better 
light penetration through ocular tissues, especially in cases 
of dense PSC.[31]

There was a statistically significant drop in IOP after SO 
removal  (P <  0.001). There were no cases of postoperative 
hypotony  (<6 mmHg) or raised IOP  (>21 mmHg), which is 
comparable to the study by Boscia et al.[12] Preoperatively, seven 
patients had high IOP secondary to SO tamponade and were 
started on ocular hypotensive medications. Postoperatively, 
none of the patients required ocular hypotensive therapy.

Damage caused to corneal endothelium by SO flowing 
across the anterior chamber and out of the eye is a significant 
concern. Other factors such as ultrasound power used, the 
density of the nucleus, axial length, and experience of the 
surgeon also influence endothelial cell loss.[22] However, in our 
study, the average endothelial cell loss was only 5.7% at the 
end of 3 months postoperatively. No patients had postoperative 
corneal decompensation or persistent corneal edema. Cacciatori 
et al., in their prospective study, reported an endothelial cell 
loss of 6.7% at 6 weeks in patients who underwent combined 
phacoemulsification and active aspiration of SO via anterior 
approach.[22] Boscia et al. in their retrospective study showed 
that the endothelial cell loss  (8.3%) of patients undergoing 
phacoemulsification and IOL implantation was not statistically 
different from the endothelial cell loss  (11.2%) of patients 
undergoing combined phacoemulsification and passive SO 
removal.[12]

The mean duration of surgery in the present study was 
17.20 ± 7.02 min, similar to the report by Boscia et  al.[12] On 
the other hand, Xu et al. reported a mean surgical duration of 
53.6 ± 8.2 min with a transpupillary approach of SO removal. 
Nevertheless, the time taken with the 23‑gauge approach in 
their study was 58.8 ± 9.5 min, which was significantly longer 
than the transpupillary approach.[24] This difference in surgical 
duration might be due to variation in the competence of the 
surgeon.

In our study, we encountered retinal redetachment only in 
one patient (1.4%) after 4 days of SO removal, which could be 
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due to residual traction leading to the opening of the break and 
the formation of a secondary break. This rate is significantly 
lower compared with other studies.[12,14,17,19,20,24] SO was replaced, 
and the retina was attached at the end of the last follow‑up. 
This variation in the redetachment rate might be due to the 
difference in the study population where patients with unstable 
retina, open break, epiretinal membrane, subretinal fluid, and 
active proliferative process traction on the retina were excluded 
in the present study. Moreover, all the patients received a 
preoperative prophylactic 360° peripheral laser retinopexy in 
our study. No intraoperative complications were observed. 
There were no cases of vitreous hemorrhage, cystoid macular 
edema, or IOL dislocation, in contrast to the reports by other 
studies.[12,14,15,17,19] It is essential to emphasize that this technique 
should be performed by an experienced surgeon to minimize 
the complications.

The combined technique of phacoemulsification with 
transpupillary passive SO removal is less invasive, avoids 
conjunctival and scleral incisions, and avoids iris prolapse. 
Postoperative dry eye and ocular surface abnormalities are also 
reduced due to the sutureless approach. The pars plana and 
peripheral retina do not interfere, thus decreasing the risk of 
peripheral iatrogenic retinal breaks, subretinal infusion, and 
vitreous or choroidal hemorrhage.[14] Moreover, it provides 
the benefits of a shorter duration of surgery and faster visual 
rehabilitation and prevents the need to perform a postoperative 
neodymium‑YAG capsulotomy on a thickened posterior 
capsule.[9,10] Self‑sealing 2.2 mm micro clear corneal incisions 
and the use of viscoelastic agents help the surgeon to achieve 
more control over anterior chamber fluidics throughout all 
stages of the surgery. They also avoid collapse of the anterior 
chamber and intraoperative hypotony.[12]

The main drawback of this approach lies in the violation of 
the posterior capsule integrity, which increases the theoretical 
risk of capsular bag instability, postoperative RD, and cystoid 
macular edema.[32,33] Also, it is sometimes difficult to perform 
capsulorhexis if posterior capsule plaque is present. In case the 
posterior capsulotomy is too large or irregular with inadequate 
capsular support, the IOL can be safely implanted in the ciliary 
sulcus in front of the anterior lens capsule. Contrarily, the absence 
of vitreous traction decreases the risk of postoperative RD and 
cystoid macular edema. These complications are more likely 
to occur as a sequel to the complicated nature of the initial RD 
and severe proliferative vitreoretinopathy rather than due to the 
technique of SO removal.[34] However, residual vitreous under the 
lens can be present and exert traction on the anterior retina. Hence, 
a careful examination of the posterior capsulorhexis tear should 
be done to look for any residual vitreous, before introducing the 
irrigation probe to avoid traction on the residual vitreous.[19]

Moreover, a posterior capsulorhexis should be performed 
cautiously and only by an experienced surgeon, as an unusually 
large posterior capsulotomy may lead to IOL dislocation into 
the vitreous cavity postoperatively. The specular microscopy 
should be noted and studied in these eyes before surgery 
to look for any preexisting corneal endothelial damage or 
dysfunction.[18] Patients with proliferative vitreoretinopathy 
may need laser photocoagulation or additional membrane 
peeling for macular pucker or develop recurrent peripheral 
proliferation.[14] Hence, this approach must be reserved for cases 
with a stable retina, completely sealed breaks, no epiretinal 

membrane or subretinal fluid, or active proliferative process 
traction on the retina. Also, cases with preexisting zonular 
weakness or lens subluxation should be avoided.

The limitations of the study include its retrospective design 
and short‑term follow‑up of 3 months. Prospective studies 
with a longer follow‑up may provide more significant results.

Conclusion
Combined microincision phacoemulsification with a passive 
hydrodynamic expression of SO using irrigation probe of 
bimanual I/A through a planned posterior capsulorhexis 
is a safe, effective, and less invasive technique that offers 
the advantages of reduced surgical trauma, rapid visual 
rehabilitation, and decreased incidence of postoperative 
capsular thickening. We believe that this technique should be 
reserved for patients with a stable retina and closed retinal 
breaks, not in need of additional vitreoretinal procedures at 
the time of SO removal.
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