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Evolution of manual small-incision cataract surgery from 8 mm to 2 mm ‑ A 
comprehensive review
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Cataract is the most common cause of reversible blindness worldwide, accounting for approximately 50% 
of blindness worldwide. Cataract surgery is the most common surgical procedure performed in routine 
ophthalmic practice. It has undergone tremendous evolution, and the incision size has progressively 
reduced from 10–12  mm in extracapsular cataract surgery  (ECCE) to 6–8  mm for manual small‑incision 
cataract surgery (MSICS) and 2.2–2.8 mm in phacoemulsification. In a developing country like India, with 
a massive backlog of cataract, everyone cannot afford private surgery like phacoemulsification. Moreover, 
annual maintenance of the machine, cost of foldable IOLs, need for greater skill, learning curve, and 
difficulty in performing the surgery in mature and brown cataracts are other barriers. Due to these factors, 
MSICS is the surgery of choice in the developing world, with profound societal and economic benefits 
and similar visual recovery compared to phacoemulsification. During the last two decades, MSICS gained 
popularity in developing countries and has undergone tremendous advances. This article aims to review 
the various techniques of MSICS and how the surgery has evolved over the years, particularly focusing on 
the current technique of 2‑mm MSICS.
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Cataract is the most common cause of reversible blindness 
worldwide. It is reported that 75% of avoidable blindness is 
secondary to cataract.[1] Cataract surgery is one of the most 
common ocular procedures performed globally.[2] Since the 
advent of phacoemulsification by Kelman in 1967, cataract 
surgery has been on an uphill journey of innovations and 
improvement.[3] The surgical wound size has decreased from 
12 mm for intracapsular surgery to 10 mm for extracapsular 
surgery to 6–8  mm in manual small‑incision cataract 
surgery (MSICS). The advent of phacoemulsification further 
decreased significantly to 2.2–2.8 mm.[4] Smaller incision sizes 
offer advantages such as early wound healing, lesser induced 
astigmatism, improved postoperative visual recovery, lesser 
risk of infection, and faster visual rehabilitation.[5]

Phacoemulsification is the accepted standard in the 
developed world. Recent advances such as Femtosecond laser 
technology and 3D surgeries are on the rise.[6] However, the 
limitations of phacoemulsification such as the higher cost, longer 
learning curve, and higher complication rates make MSICS a 
better option for the developing world.[7] It is estimated that 

more than 90% of the visually impaired reside in the developing 
world. There is a considerable backlog of cataracts in the 
developing world.[8] The common reasons are lack of access to 
medical facilities, poor health infrastructure, and lack of funds 
to sponsor surgeries at subsidized costs.[9] Thus, a technique 
with an easier learning curve, less time‑consuming, and costing 
comparatively less on pockets with equal visual outcomes would 
be ideal for middle‑income countries.[10] This has raised the need 
for constant modifications and improvements in an attempt to 
achieve MSICS results equivalent to phacoemulsification.[11]

Many modifications have focused on minimizing the size 
of the incision and fragmentation of the nucleus to allow 
delivery through smaller incisions.[12] Studies have reported less 
surgically induced astigmatism with phacoemulsification than 
MSICS.[13] This ultimately results in poorer uncorrected visual 
acuity following MSICS as compared to phacoemulsification. 
This has motivated and led the way to constant efforts to find 
ways to minimize the incision size to get equivalent results 
with MSICS.[14] The classical MSICS involved a 6-8 mm superior 
sclerocorneal incision followed by capsulorhexis, nucleus 
prolapse and delivery, cortex wash, and intraocular lens 
implant.[15] Some important innovations include the Blumenthal 
anterior chamber  (AC) maintainer, temporal scleral tunnel, 
continuous infusion of 2% HPMC to protect endothelium, 
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manual phacofragmentation by double nylon loop, and Kanas 
trisector for nucleus fragmentation.[4] Recently, a phacofracture 
technique using an ophthalmic viscosurgical device  (OVD) 
cannula has been described in conjunction with a 2‑mm incision 
described by Sahu et al.[16]

These innovations have helped raise the expectations of SICS 
surgeons and target results equivalent to phacoemulsification.[17] 
This is very important for developing countries where minimizing 
the surgical costs with equal safety will bridge the gaps between 
demand and need.[18] In this review article, we have tried 
highlighting various modifications described over time in MSICS 
and the journey from 7‑mm to 2‑mm incision size.

Method of Literature Search
A detailed systematic literature search was performed on 
the PubMed, Google Scholar, ePub, and Cochrane Library 
databases for recent case reports, series, original articles, 
review articles, and clinical trials on MSICS. The literature 
search was performed using the keywords “Manual Small-
incision Cataract Surgery,” “MSICS review,” “Techniques of 
MSICS,” “2 mm MSICS,” “Evolution of MSICS,” and “Recent 
advances in MSICS.” Articles in languages other than English 
were excluded. All the relevant articles were compiled and 
reviewed for relevant literature.

Results
Convention technique of manual small‑incision cataract 
surgery
Conventional MSICS is performed through a superior tunnel.[19] 
First, the superior rectus bridle suture is applied, followed 
by conjunctival peritomy from 10 to 2 o clock to expose the 
sclera. The peritomy is fashioned using conjunctival scissors 
and forceps.[20]

Scleral incision, shape, and configuration
Approximately 1.5  mm behind the limbus, a partial scleral 
incision is placed at approximately one‑third of the scleral 
thickness.[21] The incision is placed behind the blue–white 
junction and varies from 5.5 to 8 mm in length. The length of 
the incision is governed by the density and hardness of the 
nucleus.[4] The site of the incision can be superior, temporal, 
or superotemporal. In temporal incision, the corneal dissection 
should be more anterior to get a better self‑sealing tunnel 
incision. The incision configuration can be straight, chevron 
or V‑shaped incision, frown incision, Blumenthal side cut, and 
smile‑shaped incision [Fig. 1a–d].[22]

Sclerocorneal tunnel
After putting the scleral incision, the tunnel is fashioned with 
the crescent blade, and the AC entry is made with a 2‑8–3.2‑mm 
keratome.[21] The tunnel is a sutureless triplanar self‑sealing 
tunnel. The dissection extends 1–1.5  mm into the cornea.[23] 
Approximately 45° scleral pockets are made on either side of 
the tunnel to facilitate nucleus delivery. After AC entry, OVD 
is injected, and capsulotomy is done.[24]

Capsulotomy
A capsulotomy is performed using a 26 G needle or 
Urata’s forceps.[25] The capsule is stained with 0.06% trypan 
blue to facilitate better visualization of the capsule. The 
capsulotomy can be can‑opener, continuous curvilinear, or 
envelope  (linear).[26] The capsulotomy size should ideally 

be 6–7  mm, depending on the density of the nucleus to 
facilitate nucleus prolapse. After completing the capsulotomy, 
hydrodissection is done.[15]

Hydroprocedures
Hydroprocedure, first described by Blumenthal and Faust, is a 
technique to separate various layers of the cataractous lens.[27] 
In cortical cleavage hydrodissection, the cortex, epinucleus, and 
endonucleus are separated from the posterior capsule in toto.[28] 
The hydro cannula is passed below the anterior lens capsule and 
advanced 1 mm behind the rhexis margin in the subcapsular 
plane.[29] The fluid wave is advanced gradually after lifting the 
anterior capsular margin. As the fluid wave passes behind the 
lens, it separates the cortex from the capsule. Hydrodileneation 
is the separation of the epinucleus from the nucleus. This is 
advantageous in cases with posterior polar cataract.[30]

Nucleus extraction
The nucleus is prolapsed out of the capsular bag by either 
full hydrodissection or partial hydrodissection and rotation 
hydrodissection cannula or intracapsular flip or with the 
help of a Sinskey hook.[31] Once the nucleus is prolapsed in 
the AC, the nucleus delivery takes place by hydroexpression, 
viscoexpression, Vectis‑assisted delivery, sandwich technique, 
or fishhook technique.[32]

Cortex wash
After nucleus delivery, cortex aspiration can be performed 
through the main tunnel or side port with the help of bimanual 
irrigation and aspiration or Simcoe cannula.[33]

Intraocular lens implantation
A polymethmethylacrylate (PMMA) intraocular lens (IOL) is 
implanted into the capsular bag through the 6–7‑mm tunnel.[34] 
A foldable IOL can also be implanted if needed. After IOL 
implantation, the AC is formed using balanced salt solution 
along with stromal hydration through the side port and 
intracameral injection of 0.1 mL of 0.5% moxifloxacin.[35]

Modifications of manual small-incision cataract surgery
Sandwich technique
In this technique, all the conventional steps of MSICS are followed 
except the nucleus delivery. The nucleus extraction is performed 
by sandwiching it between the irrigation wire Vectis and iris 
spatula.[36] Bayramlar et al.[36] performed manual tunnel incision 
extracapsular cataract extraction by using the sandwich technique 
in 37 eyes and found that most achieved a best‑corrected visual 
acuity (BCVA) of 5/10 or better post‑operatively. Although some 
complications were noted, they reported that the sandwich 
technique is safe, easy, and does not require expensive 
instruments. Bayramlar et al.[37] also described that MSICS with 
sandwich technique is a better alternative to phacoemulsification 
in microcornea, hard mature, and brunescent cataract and offers 
the advantage of endothelial protection.

Modified fishhook technique
This technique was first described at Lahan eye hospital. In 
this technique, the nucleus extraction is performed using a 
bent 30‑G needle tip (fishhook) that is in the form of a sharp 
curved hook.[38] This technique has a short learning curve, is 
cost‑effective, has a minimal complication rate, and provides 
an excellent visual outcome. The rest of the steps are as for 
conventional MSICS.[39] Hening et al.[40] performed MSICS by 
using the fishhook technique in 500 eyes and found excellent 
visual acuity post‑operatively. Approximately 96% of eyes had 
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6/18 better visual acuity at 1 year. Hyphema was noted in 47 
eyes (9.4%), and one eye (0.2%) had a posterior capsular tear 
and vitreous prolapse in the AC.

Irrigation cannula for nucleus delivery
Nishi first described the technique for nucleus delivery using an 
irrigating cannula. It uses a 20‑G needle having a flat insertion 
plate at 90° to the axis with the flow outlet. The apex of the plate 
is placed below the nucleus with continuous irrigation, and the 
nucleus delivery occurs by irrigating solution.[41]

Nucleus bisection and trisection technique
The nucleus can be bisected or trisected inside the AC and 
can be delivered through a small-incision of 5  mm. The 
nucleus trisector technique was described by Kansas and 
Sax; the nucleus was manually trisected using a Kansas 
trisector and wire Vectis.[42] The resulting small fragments 
can be delivered through the tunnel by using OVD. Nucleus 
bisection or trisection avoids stretching the sclerocorneal tunnel 
during delivery, minimizes astigmatism, and protects the 
endothelium.[27] Hepşen et al.[43] performed MSICS with nucleus 
trisection in 59 eyes of 54 patients. The BCVA post‑operatively 
was 6/12 or better in 83% of eyes and 6/7.5 or better in 47% of 
eyes. The most common complication was PCR in 8.4% of eyes 
and corneal edema in 54% of eyes.

Snare technique
Keener introduced the snare technique in 1983, where the 
nucleus was snared into a couple of fragments, and the 
fragments were brought out through a sclerocorneal flap 
valve incision.[44] The snare is made of stainless steel, having 
two cannulas with a wire loop in the first loop. While the wire 
loop is constricted, the nucleus is divided into two halves.[45]

Double sinskey hook technique
Rao and Lam described this technique in MSICS to extract the 
nucleus out of the capsular bag by using two Sinskey hooks.[46] 

The two Sinskey hooks are passed through two paracentesis 
sites. The first Sinskey hook is passed under the capsulorhexis 
margin, where it lifts the superior pole of the nucleus, and the 
second Sinskey hook is passed beneath the superior pole of the 
nucleus to prevent it from falling back.[4]

Two hook technique
A Sinskey hook and a Kuglen’s hook can be used to prolapse 
the nucleus from the AC. In this technique, after capsulorhexis 
and hydrodissection, the nucleus is prolapsed in the AC.[47] It 
is extracted by pulling it with a Sinskey hook and pressuring 
the scleral bed with a Kuglen’s hook. Deng et al.[47] performed 
this technique in 1320 eyes and found that 85% had a better 
visual acuity of 5/10 or more post‑operatively.

Nylon loop manual small‑incision cataract surgery
In this technique, the nucleus is fragmented by a manual 
photo fragmentation by using a double nylon loop. Kosakarn 
first described the technique.[48] This technique can be used to 
multiply the lens into three parts and deliver through a small-
incision of 4–5  mm, and a foldable IOL can be implanted, 
avoiding any sutures. The double nylon loop is composed of 4‑0 
nylon and is inserted through a 20‑G blunt needle tip. The suture 
can be used multiple times. This is a less expensive alternative 
for putting a foldable IOL in developing countries with minimal 
astigmatism. Kosakarn performed this technique on 120 eyes 
and found it safe and effective. Only two eyes had complications 
in the form of corneal edema (0.8%) and hyphema (0.8%). The 
mean endothelial cell loss at 1 month was 9.19%.[48]

Mininuc technique
This technique is also known as the Blumenthal technique of 
MSICS. Blumenthal and Moissiev described this technique by 
using an ECCE AC maintainer.[49] The incision size was reduced 
to 6.5–7 mm, maintaining the eye in the normotensive state. The 
straight scleral incision is placed 2 mm posterior to the limbus. 
Two side ports are fashioned at 6 and 9 o clock, and the rest of the 

Figure 1: (a) Digital image of 7‑mm MSICS depicting marking the incision 1.5–2 mm behind the limbus with calipers. (b) A scleral groove being 
made over the marked area. (c) Undermining the scleral groove with a cresent blade. (d) A sclerocorneal tunnel being fashioned with the cresent 
blade. (e) Digital image depicting 2‑mm MSICS with scleral incision being marked with calipers. (f) Scleral groove being made with the help of a 
crescent blade. (g) Vertical limbs being marked at the end of the incision. (h) A sclerocorneal tunnel being fashioned with cresent blade
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surgical steps are performed with an artificial AC.[4,49] Keskinbora 
used this technique in 1000 eyes and found that Mininuc is a 
safe and effective technique that holds the iris and lens plane 
back, maintains a deep AC, divides the nucleus, and saves the 
eyes from hypotony. In this way, the risk of suprachoroidal 
hemorrhage is also minimized.[50] Polat described the convertible 
Mininuc technique where all the surgery steps were identical 
except that the sclerocorneal formation was performed as the 
last step to minimize complications.[51]

Ruit technique
Ruit et  al. described the modification of MSICS, where a 
6.5–7‑mm temporal straight scleral incision was placed 2 mm 
behind the limbus. A V‑shaped capsulotomy was performed, 
and the nucleus was delivered by viscoexpression.[52] The rest of 
the steps of the surgery remained the same. Ruit et al. performed 
this technique in 62 consecutive eyes of Tilganga Eye Centre in 
Kathmandu and found that 87.1% had a BCVA of 20/60 or better 
at 2 months. There were no major intraoperative or postoperative 
complications. In another set of 207 patients from Chaughada 
eye camp, 54.5% of patients had an uncorrected visual acuity of 
20/60 or better, and 74.1% improved with correction. Six surgical 
complications were noted in this set of patients.[4,52] There was 
a single case of an irregular pupil, one shallow AC case which 
needed wound resuturing, one case had haptic in the AC which 
required IOL repositioning, one had postoperative hyphema, 
one case had iris prolapse through the tunnel where revision of 
wound was needed, and the last case had intraoperative PCR 
which resulted in vitreous loss and finally needed an AC implant.

Malik’s technique
Malik et al.[53] described a modified MSICS technique to protect 
the corneal endothelial cell layer. He placed a continuous 
infusion of 2% HPMC through the AC maintainer with the 
help of an assistant to facilitate nucleus delivery. This helped 
in preventing corneal endothelial cell loss.

miLOOP
MSICS can be performed using a low‑cost disposable device 
called miLOOP. miLOOP has an endocapsular ring made up 
of nitinol filament. After hydrodissetion, the loop is opened 
slowly in the AC and passes under the anterior lens capsule.[54] 
The loop is circled around the nucleus and then passes under 
the anterior surface. The loop is slowly closed and withdrawn, 
and this maneuver divides the nucleus into two fragments. 
More fragments can be done based on the requirement. This 
is helpful in hard brown and mature cataract cases where the 
nucleus can be bisected even if the rhexis is tiny; it also reduces 
the zonular stress. The technique also aids in protecting the 
endothelium and protects the integrity of the capsule.[55]

Manual small‑incision cataract surgery under topical 
anesthesia
Wagley et al.[56] performed MSICS by using topical anesthesia, 
subconjunctival anesthesia at the site of the peritomy, and 
intracameral 1% lignocaine anesthesia. Gupta et al.[57] performed 
topical MSICS by using the fishhook technique in 96 patients 
with senile cataract and used a questionnaire to evaluate the 
pain, surgical experience, and complications. They reported 
that 51 had a pain score of zero. Ninety‑one patients have mild 
or no pain. There was only one complication, and the surgeon’s 
experience was favorable in terms of patient cooperation, 
stability of anterior stability, difficulty performing surgeries, 
and complications.

Intraoperative optical coherence tomography (OCT)‑guided 
manual small-incision cataract surgery
Recently, the concept of intraoperative OCT was introduced to 
guide the steps of MSICS. Intraoperative OCT helps delineate 
dehiscence in posterior polar cataract  (PPC) and assess the 
corneal layers in case of any complication.[58] Intraoperative 
OCT has also helped assess the depth of the sclerocorneal 
tunnel and is a vital potential future tool for better patient 
management and surgical outcome.[59]

2‑mm MSICS with phacofracture
In the recent 2‑mm MSICS technique, a fornix‑based 2‑mm 
curved limbal incision was made 1.5–2 mm behind the limbus, 
and the corneal entry was extended 1.5–2 mm on either side into 
the cornea with two pockets on either side. The authors also 
described a horseshoe‑shaped incisional configuration, with 
vertical limbs of the incision placed radially in the astigmatic 
Koch’s funnel [Fig. 1e–h]. The rest of the steps till the nucleus 
prolapse in the AC are the same as in conventional MSICS. 
After injecting the OVD in front and behind the nucleus, the 
nucleus is bisected or trisected (phacofracture) using a vectic 
and an OVD cannula. The fragments are extracted through 
the 2‑mm tunnel by using the Vectis and OVD. The rest of the 
steps are as those for conventional MSICS. Sahu et  al.,[16] in 
their retrospective analysis of 66 patients, performed a 2‑mm 
incision with phacofracture. They reported that the mean 
spherical equivalent astigmatism error changed from −0.51 D 
to −0.44 D with a mean astigmatism change to 0.14 D cylinder. 
The mean keratometry change in the steepest and flattest axis 
of the anterior corneal surface was 0.89–1.39 D. The visual 
acuity improved from logMAR of 0.27 at 1 week to 0.007 (6/6) 
at 1 month.

Astigmatism management in manual small‑incision cataract 
surgery
Astigmatism management in MSICS requires a clear 
understanding of the axis of astigmatism and a conceptual 
approach for planning the scleral tunnel incision.[22] Astigmatism 
is directly proportional to the incision size. The smaller the 
incision, the lesser the astigmatism. The concept gave birth 
to 2‑mm incision MSICS.[4] Burgansky et  al.[60] showed that 
increased incision size resulted in increased astigmatism. 
Small-incisions up to 3  mm do not alter the corneal shape 
and do not affect the preoperative cylindrical component. 
Large incisions result in more cylindrical regression. Koch’s 
incisional funnel incisions are considered astigmatically 
neutral. Temporal incisions induce less astigmatism as 
compared to the superior tunnel. Thus, astigmatism increases 
in this sequence: temporal  <  superotemporal  <  superior.[21] 
Kimura et al.[61] showed that surgically induced astigmatism 
was less with an oblique incision than with a superior incision 
due to the arrangement of fibers in the sclera, which make the 
sclera rigid and a tunnel with the least induced astigmatism. 
Smile incisions are easier to construct but result in increased 
astigmatism. Straight incisions result in moderately induced 
astigmatism. A frown incision is challenging to construct but 
causes minimal astigmatism. Blumenthal side cuts result in 
minimal induced astigmatism, but the tunnel is large. Chevron 
“V” incisions are difficult to make, with least/nil astigmatism. 
Incisions placed posteriorly result in less astigmatism. In the 
case of against‑the‑rule astigmatism, a temporal or superior 
approach with sutures reduces astigmatism. In the case of rule 
astigmatism, a superior approach must be followed. MSICS 
can be considered a refractive procedure in expert hands to 
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minimize astigmatism permanently. This will reduce the 
preoperative refractive error maintaining sphericity.[21]

Topography guided astigmatism management in manual 
small‑incision cataract surgery
Besides lenticular astigmatism, corneal astigmatism also 
holds importance during cataract surgery. Preoperative 
corneal topography or topographically guided astigmatism 
management helps plan the cataract surgery with no residual 
postoperative astigmatism.[62] The site and axis of astigmatism 
can be planned to nullify corneal astigmatism.[63] Various 
techniques are available to manage astigmatisms, such as limbal 
relaxing incisions, on‑axis incisions, clear corneal incisions, 
astigmatic keratectomy  (based on nomograms), and toric 
IOL implantation. Equally good postoperative results can be 
obtained with MSICS as with phacoemulsification.[64]

Future of manual small‑incision cataract 
surgery
MSICS still holds promise for complex cataract cases in 
the future, minimizing intraoperative and postoperative 
complications. Even challenging MSICS cases in expert hands 
promise an excellent anatomical and functional outcome.[65] 
Recent modifications and pathbreaking innovations have 
evolved MSICS from a 8‑mm tunnel to a 2‑mm incision 
without compromising the quality and outcome of the 
surgery. This, in turn, has also reduced surgically induced 
astigmatism. As advanced and complicated cataract are 
more prevalent in lower socioeconomic strata, MSICS is 
still and will remain the surgery of choice in these cases. 
MSICS has an equally efficient outcome and offers similar 
advantages to phacoemulsification because of less surgical 
time, cost‑effectiveness, wider applicability, and less complex 
learning curve in the underdeveloped and developing world. 
MSICS has been anessential tool in high‑volume surgical 
setup and complex case scenarios to eliminate needless 
blindness.[66,67]
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