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Objectives: To describe a modified manual cataract
extraction technique, sutureless large-incision manual
cataract extraction (SLIMCE), and to report its clinical
outcormes.

Methods: Case notes of 50 consecutive patients with cata-
ract surgery performed using the SLIMCE technique were
retrospectively reviewed. Clinical outcomes 3 months af-
ter surgery were analyzed, including postoperative un-
corrected visual acuity, best-corrected visual acuity, in-
traoperative and postoperative complications, endothelial
cell loss, and surgically induced astigmatism using the
vector analysis method.

Resvlts: At the 3-month follow-up, all 50 patients had
postoperative best-corrected visual acuity of at least

20/60, and 37 patients (74%}) had visual acuity of at least
20/30. Uncorrected visual acuity was at least 20/68 in 28
patients (56%) and was between 20/80 and 20/200 in 22
patients (44%). No significant intraoperative complica-
tions were encountered, and sutureless wounds were
achieved in all but 2 patients. At the 3-month follow-
up, endothelial cell loss was 3.9%, and the mean surgi-
cally induced astigmatism was 0.69 diopter.

Conclusions: SLIMCE is a safe and effective manual cata-
ract extraction technique with low rates of surgically in-
duced astigmatism and endothelial cell loss. In view of
its low cost, SLIMCE may have a potential role in reduc-
ing cataract blindness in developing countries.
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ATARACT REMAINS THE
leading cause of blind-
ness in developing coun-
tries. More than 19 mil-
lion people, representing
43% of all blindness in the world, are bi-
laterally blind because of cataract.! This has
led the World Health Organization’s Global
Vision 2020 initiative to call for a dra-
matic increase in the volume of cataract
surgical procedures worldwide.?

Video available online at
www.archophthalmol.com

Unfortunately, multiple barriers have ad-
versely affected the availability of cataract
surgical services in developing countries.
These include a lack of affordable services®
and poor surgical outcomes.*® A reason-
able strategy to overcome these barriers is
to provide high-quality affordable cataract
surgical procedures at locations close to
where people live. A well-designed cata-
ract surgical procedure is needed that pro-
vides rapid postoperative visual rehabilita-
tion and is low cost, easy to perform, safe
and effective, and independent of phaco-
emulsification machines,

None of the commonly performed cata-
ract surgery techniques, namely, phacoemul-
sification, manual extracapsular cataract ex-
traction (ECCE), or manual small-incision
cataractsurgery (SICS), satisfyall of these cri-
teria. Phacoemulsification involves high ini-
tial capital investmentand consumable costs.
Manual ECCE involvesalarge 10-to 11-mm-
longsurgical wound thatincreases the chance
of potentially serious intraoperative compli-
cations, requires suturing, lengthens surgi-
cal time, and slows postoperative visual re-
covery, Manual SICS is the most commonly
used technique among high-volume cataract
centersin developing countries.*!* It can be
performed quicklyand in high volume by ex-
perienced hands. To achieve a self-sealing
wound, a small scleral incision (6-6.5 mm)
is combined with a long sclerocorneal tun-
nel for nucleus delivery. While this wound
may besufficient for cataracts of mild tomod-
erate density, hard large nuclei, which are
common in populations with pooraccess to
surgical services, may induce undue rauma
to intraocular tissues. Moreover, consider-
able microsurgical expertise is required, and
a longer learning curve may be involved.

Sutureless large-incision manual cata-
ract extraction (SLIMCE) is a modified’
manual cataract extraction technique that
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was specially designed by one of us (D.5.C.L.} to fulfill the
requirements of an ideal cataract surgery to be used in high
volumes for reducing cataract blindness in developing coun-
tries. The salient features of this medified technique in-
chude the following (1) a large scleral incision (8-mm lin-
ear length) for safe and easy nucleus delivery, (2) a long
sclerocorneal tunnel (4 mm) for achieving a sutureless but
sell-sealing wound,' (3) a posterior incision position (2
mm posterior to the limbus) and a {rown-shaped wound
configuration for astigmatic neutrality,'®" and (4) the use
of an anterior chamber (AC) maintainer to assist nucleus
delivery.'s

Wereport the clinical outcomes of the SLIMCE technique,
including endothelial cell loss and surgically induced astig-
matism (S1A). Its potential as a tool to reduce cataract blind-
ness in developing countries is also discussed.

—EETTO

STUDY DESIGN

Case notes were retrospectively reviewed of 50 consecutive pa-
tients who underwent SLIMCE surgery performed by a single
experienced surgeon (D.5.C.L.) between November 29, 2004,
and December 7, 2004, and who completed a 3-month fol-
low-up schedule. These patients had uncomplicated age-
related cataract without any ocular comorbidities that might
alter vision or corneal abnormalities that might affect corneal
topography measurements, The tenets of Declaration of Hel-
sinki were followed, and informed consent was obtained from
each patient before surgery. The study was approved by the In-
stitutional Review Board of the Hong Kong Eye Hospital.

Intraocular lens (10L) power was calculated according to pre-
operative keratometry (KR-7100; Topcon, Tokyo, Japar) and axial
length (1000; UBP, Storz, Germany) meastirements using the Sand-
ers-Retzlaff-Kraff It formula. The target postoperative refraction
was —1.0 diopter (D). A 7-mm-diameter nonfoldable single-
piece polymethylmethacrylate IOL (CZ70BD; Alcon Laborato-
ries Inc, Fort Worth, Texas) was implanted in all patients.

Patients were seen before surgery and at 1 day, 1 week, 1
month, and 3 months after surgery. Besides complete ophthal-
mic examinations, including dilation of the pupil at each visit,
specular microscopy (SP B000; Konan Medical Inc, Tokyo, Ja-
pan) and corneal topography (Orbscan 11I; Bausch & Lomb Inc,
Rochester, New York) were performed before surgery and 3
months after surgery. Best-corrected visual acuity (BCVA) was
measured 3 months after surgery.

The specular microscopy results, which were obtained by
selecting 100 adjacent cells for calculation before surgery and
3 months after surgery, were used to determine surgically in-
duced endothelial cell loss.”®? After confirming the normality
of preoperative and postoperative endothelial cell density dis-
tributions, paired-sample t test was used to compare the means.
P<<.05 was regarded as statistically significant.

Surgically induced astigmatism was also studied. The degree
was calculated using the vector analysis method described by Hol-
laday et al*! based on the keratometry results of corneal topog-
raphy examinations before surgery and 3 months after surgery.

Postoperative visual acuity was classified as at least 20/60
(good outcome), 20/80 1o 20/200 (borderline outcome), or less
than 20/200 (poor outcome) according to the World Health Or-
ganization’s Prevention of Blindness Program guidelines.” For
patients with postoperative BCVA of at least 20/60, the pro-
portion with visual acuity of at least 20/30 was also analyzed.
Postoperative subjective refraction was compared with preop-
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Figure 1. Details of the temporal main wound censtruction. The scleral
incision is 8 mm in linear length, the funnel-shaped sclerocorneal tunnel is
4 mm in length (2 mm in the sclera and 2 mm in the clear cormea), the
internal corneal wound opening is about 9 to 10 mm in length, and 2 side
pockets are constructed for Jarge nuglei.

erative target refraction. The incidence and nature of intraop-
erative and postoperative complications were also recorded.

THE SLIMCE TECHNIQUE

All surgical procedures were performed using retrobulbar or peri-
bulbar anesthesia. The temporal approach was used. A step-by-
step guide of 10 components of the SLIMCE technique follows
(a video is available online at hup//www.archophthalmol.com).

Conjunctival Limbal Peritomy

Conjunctival limbal peritomy was started with two 3-mm ob-
lique relaxation cuts at the 7- and 11-o'clack positions (for a right
eye). This was followed by a 10- to 12-mm limbal peritomy,

Sclerocomeal Tunnel Construction

An 8-mm-long, frown-shaped, half-thickness scleral incision
with its center 2 mm from the limbus was made with a 2.5-mm
crescent knife (Xstar; BD, Franklin Lakes, New Jersey). Using
the crescent knife, a 4-mm-long sclerocorneal wunnel was dis-
sected from the scleral incision, extending 2 mminto clear cor-
nea. A side pocket was created at each end of the incision to
allow sufficient space for nucleus delivery (Figure 1).

Side Ports

As side ports, 3 paracentesis sites were created with a 15° slit
knife. For a right eye, these were placed at the 3-, 6-, and 12-
o'clock positions.

Capsular 5tain and Capsulorrhexis

A few drops (0.6 mg/mL) of trypan blue (VisionBlue; Dutch
Ophthalmic Research Center, Amsterdam, the Netherlands) were
used to stain the AC under air, A dispersive viscoelastic agent
(Viscoat, Alcon Laboratories Inc) was used to replace the air.
A 3-mm keratome (Xstar) was introduced into the center of
the tunnel, and the AC was entered. Anterior capsulorrhexis
was performed using a pair of capsulorrhexis forceps or a bent
27-gauge needle. The capsulorrhexis was at least 6 mm in di-
ameter for easy dislocation of the nucleus into the AC.
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Figure 2. Nucleus delivery by vectis through the sclerocorneal tunnel is
assisted by hydroexprassion. If performed properly, the corneal endothelium
{shown in red) can be spared from mechanical trauma threughout the
pracess. AG indicates anterior chamber; BSS, halanced salt solution,

Loosening the Nucleus

In maost patients, conventional hydrodissection was per-
formed to loosen the attachments of the nucleus to the capsu-
lar bag. Alternatively in some patients, a spatula was intro-
duced into the cortical layer under the AC and swept within
this layer, quadrant by quadrant, to produce a mechanical sepa-
ration of the nucleus from the AC. Unlike conventional hy-
drodissection that may stir up cortical materials and obscure
the view, such mechanical separation has the advantage of main-
taining better visibility of the nucleus, However, there must be
encugh cortical material present for this intracortical maneu-
ver to be safely performed, and care must be taken not to in-
duce undue stress on the zonules.

Nucleus Dislocation Into the AC

‘We used 2 Sinskey hooks.'® The first hook engaged the nucleus
at the junction between the distal and middle thirds of the an-
terior surface of the lens and gently moved the nucleus toward
the incision; the other hook, was then passed under the cap-
sulorrhexis margin at the 3-o’clock position (for a right eye)
and retracted the equator of the nucleus from the capsular for-
nix. With these maneuvers, the equator of the nucleus at the
3-o'clock position (in a right eye) was dislocated from the bag.
The shoulder of the first hook then gently depressed the nucleus
posteriorly over its midperipheral portion at the 9-o'clock po-
sition (in a right eye) so that the nucleus tumbled out of the
bag.

Nucleus Extraction

For nucleus extraction, a keratome was used to complete the
internal entry across the entire length of the sclerocorneal
tunnel. An AC maintainer was then inserted into the distal
paracentesis wound. The bottle height was maintained at least
90 cm above the operating table to produce sufficient infusion
pressure to assist in delivery of the nucleus. A vectis was then
introduced through the sclerocorneal tunnel into the AC and
under the lens, Once it was in position, the AC infusion was
turned on. As the AC deepened, the lens was seated on the
spoon of the vectis, and the whole vectis was gently pushed
slightly posteriorly to reduce the risk of damage to the endo-
thelium (Figure 2). Subsequently, the vectis was used to
push down on the floor of the tunnel. Gentle pressure on the
sclera from the forceps in the nondominant hand allowed the
wound to open such that the hydrostatic pressure would push
the nucleus toward the corneoscleral tunnel. Once the first
quarter or half of the nucleus was engaged in the tunnel,

Tahle 1. Distribution of Preoperative and 3-Month
Postoperative Visual Acuity

No. (%) of Patients (N=50)

I .
Pregperalive

Posloperative
I

Visual Acuily UCVA UCVA BOVA'
=20/30 0 28 (56) 37 (74)
20/40 10 20/60 2(4) 13 (26)
20/30 10 20/200 34 (68) 22 (44) 0
<20/200 to >FC 2(4) 0 0
=FC 12 (24) 0 0

Abbreviations: BCVA, best-correcled visual acuity; FC, finger counting;
UCVA, uncorrected visual acuity.

genile side-to-side rocking movements further aided the pas-
sage of the nucleus through the tunnel. Movement within the
tunnel should be safe because the nucleus is away from the
endothelium.

Removal of Cortical Material

A 23-gauge aspiration cannula (Duckworth & Kent Ltd, Bal-
dock, Hertfordshire, England) was initially used to clean the
tunnel, allowing easy removal of large pieces of epinucleus. The
remaining cortex was stripped through the 2 side ports.

IOL Insertion

The AC was filled with a cohesive viscoelastic agent {(ProVisc,
Alcon Laboratories Inc), The first step was to insert the 10L
into the sclerocorneal tunnel, The second step was to place the
distal haptic and the entire optic into the capsular bag. In the
third step, the proximal haptic was dialed into the bag using a
Sinskey hook.

Closure

With the AC maintainer infusion on, the residual AC viscoelas-
tic agent was removed using the aspiration cannula. The side
ports were hydrated, and the main wound was checked for leak-
age. Once watertight wound closure was ensured, the AC main-
tainer was removed, and the associated wound site was hy-
drated. The conjunctiva was repositioned, and cautery was used
to secure it in place. Subconjunctival antibiotics and cortico-
steroids were injected away [rom the temporal wound to avoid
displacing the conjunctiva. The eye was then patched with an-
tibiotic ointment.

— T

Fifty eyes of 50 consecutive patients underwent the
SLIMCE technique. Twenty-seven patients (54%) were
male, and 23 patients (46%) were {emale, with a mean
(SD) age of 73.3 (7.6) years (age range, 52-86 years).

The distribution of preoperative uncorrected visual
acuity (UCVA) was as follows: finger counting or worse
in 12 patients (24%), better than finger counting but less
than 20/200 in 2 patients (4%}, 20/80 to 20/200 in 34
patients (68%), and at least 20/60 in 2 patients (4%)
(Table T). No patients had preoperative UCVA of at least
20/30 in the operative eye.
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Tahle 2. Postoperative Complications and Their Management
Posioperative Complication No. (%] of Patients Management Time to Resolution
Microscopic hyphema 1(2) Observation <1 wk
Transient hypotony 1(2) Eye patching 1d
Transient corneal edema 1{2) Dbservation <1 wk
Transient elevation of intraccular pressure 11 (22) Intraocular pressure-lowering medications <id
Tahle 3. Results of Preoperative and 3-Monlh Postoperative Specular Microscopy
Mean (SD}
— 1
Variable Preoperative 3-Month Postoperative Change, % P Value?
Endothelial cell density, per mm? 2522 (483) 2424 (475) -3.9 .03
Coefficient of variation 0.376 (0.011) 0.379 (0.011) -0.01 .80
Hexagonal cells, % 54.9{1.5) 54.6 (1.6) -0.01 .88
Tiwo-tailed ¢test.
POSTOPERATIVE VISUAL ACUITY SURGICALLY INDUCED

AND REFRACTION

All patients had improved visual acuity after surgery. The
distribution of UCVA 3 months after surgery was 28 pa-
tients (56%) with at least 20/60 (good outcome) and 22
patients (44%) with 20/80 to 20/200 (borderline out-
come)} (Table 1). None of the patients had postopera-
tive UCVA less than 20/200 (poor outcome)} in the op-
erated eye.

After subjective refraction, all patients had BCVA of
at least 20/60. Thirty-seven patients (74%) had BCVA of
at least 20/30 (Table 1}. Twenty-nine patients (58%) had
improvement in Snellen visual acuity of at least 6 lines
in the operated on eye, and 41 patients (82%) had im-
provement of at least 4 lines.

The mean (SD) target refraction based on preopera-
tive calculations was —0.96 (0.17) D. The mean (SD) post-
operative subjective refraction (spherical equivalent) 3
months after surgery was -1.04 (0.93) D. The differ-
ence between target reflraction and subjective refraction
was not statistically significant (P=.54, t test).

INTRAOPERATIVE AND POSTOPERATIVE
COMPLICATIONS

No significant intraoperative complications such as
posterior capsule rupture, vitreous loss, zonulolysis,
or aphakia were encountered in these 50 patients. Self-
sealing wounds were achieved in all except 1 patient,
who required 2 sutures to close the temporal main
wound. Miner transient postoperative complications
were encountered in 14 patients (Tabhle 2}, No
adverse long-term effect on visual acuity was noted
from these complications. At the 3-month follow-up, 9
patients (18%) had mild posterior capsular opacifica-
tion, which was not visually significant and did not
require laser capsulotomy. No endophthalmitis or sig-
nificant postoperative inflammation was observed in
this cohort of patients.

ENDOTHELIAL CELL LOSS

The mean (SD) preoperative endothelial cell density per
millimeter squared, coefficient of variation (an indica-
tor of polymegathism), and percentage of hexagonal cells
were 2522 (483), 0.376 (0.011), and 54.9% (1.5%), re-
spectively (Table 3). The mean (SD) endothelial cell den-
sity squared, coefficient of variation, and percentage of
hexagonal cells 3 months after surgery were 2424 (475},
0.379 (0.011), and 54.6% (1.6%), respectively. Therefore,
there was a 3.9% loss of endothelial cells after surgery, which
was statistically significant (P=.03, t test}. The differences
in coefficient of variation (P=.80) and percentage of hex-
agonal cells (P=.88) between baseline and 3 months alter
surgery were not statistically significant.

SURGICALLY INDUCED ASTIGMATISM

The mean (SD) preoperative astigmatism, irrespective of
axis, was 0.71 D (0.35 D). The mean (SD} postoperative
astigmatism 3 months after surgery, irrespective of axis,
was 0.93 D (0.65 D). The mean (SD) SIA in 50 patients
was 0.69 D {0.98 D) at a mean axis of 11.1° calculated
using the vector analysis method? based on preopera-
tive and postoperative measurements and considering the
axis.

— T

The present study describes a modified manual cataract
extraction technique, SLIMCE, and its clinical out-
comes. The postoperative visual acuity of this initial se-
ries of patients undergoing SLIMCE compared favor-
ably with that in several recently published studies on
manual SICS**2? and similar techniques.” In our study,
all patients achieved BCVA of at least 20/60 (good out-
come); 74% (37 patients) had BCVA of at least 20/30 at
the 3-month follow-up.
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Safety of the surgery was reflected by the absence of
significant intraoperalive complications, a low SIA
(0.69 D), and a low rate {3.9%) of endothelial cell loss,
which compared favorably with endothelial cell loss
reported for phacoemulsilication,?®?* manual
ECCE, ™ and manual SICS,® especially for large and
dense cataracts. To our knowledge, this study is the
first report on endothelial cell loss and SIA associated
with SLIMCE.

A potential concern about the SLIMCE technique is
postoperative endophthalmitis. While a large main
wound may theoretically increase the risk of postop-
erative endophthalmitis, the use of a long (4-mm)
sclerocorneal tunnel may reduce such complications.”
In particular, 2 mm of the tunnel is located in the
sclera, which greatly enhances the self-sealing prop-
erty of the main wound. Moreover, the scleral incision
was meticulously covered with conjunctiva at the end
of the operation. All of these factors reduce the risk of
postoperative endophthalmitis. In the present study,
98% (49 of 50 patients) of the wounds were self-
sealing, and no cases of endophthalmitis were encoun-
tered.

Clinical outcomes of the present study demon-
strated that the SLIMCE technique is safe and effec-
tive. Because the technique is independent of phaco-
emulsification machines, requires no sutures, and uses
a polymethylmethacrylate IOL, it can be performed at
low cost. The SLIMCE technique may provide a good
method of cataract extraction that can be used in
developing countries.

The major limitations of the present study include
the short follow-up period, a small sample size, and
the lack of direct comparison with other cataract sur-
gery techniques such as phacoemulsification, manual
ECCE, or SICS. In addition, all surgical procedures
were performed by a single experienced surgeon
(D.S.C.L.) in a tertiary eye hospital in a developed
country.

It was important to demonstrate that this modified
technique can be effectively mastered by less-
experienced surgeons using basic equipment and
under prevailing conditions in other settings. For this
purpose, a prospective study?’ with 1-year follow-up
results was performed in a clinical eye center in a rural
area of Guangdong Province, China. Two local physi-
cians who had no experience in performing microsur-
gery were trained to perform cataract extraction using
the SLIMCE technique in a systematic manner. The
structured training program included observation
(=100 cases), wet laboratory training (=100 animal
eyes), assistance at SLIMCE surgery (=100 cases),
performance of SLIMCE surgery under close supervi-
sion (=100 cases), and assessment of 1 or more inde-
pendent videos by a review board before certification
as a SLIMCE surgeon. All surgical procedures were
performed according to the standard steps as de-
scribed herein with the use of locally made instru-
ments, equipment, and consumables, including vis-
coelastic agents. Among 242 patients operated on by
the 2 trained surgeons, 20/60 or better UCVA in the
eye operated on was obtained in 83.4% and 20/60 or

better BCVA in 95.7%. The mean postoperative astig-
matism did not differ between the eyes operated on
and unoperated on, The study resulis confirm the
effectiveness of skill transfer in this setting, with out-
comes superior to those of most investigations in rural
Asia. ¥

SLIMCE has the potential to serve as a sale and
effective technique for cataract extraction to help
reduce cataract blindness in developing countries.
This study supplemented previous investigations and
further demonstrated low rates of SIA and endothelial
cell loss 3 months alter surgery. Further large-scale
studies on the safety and efficacy of SLIMCE and com-
parative trials between SLIMCE, ECCE, and SICS are
warranted,
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