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A Prospective Randomized Clinical Trial of
Phacoemulsification vs Manual Sutureless

Small-Incision Extracapsular Cataract Surgery
in Nepal
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PURPOSE: To compare the efficacy and visual results of
hacoemulsification vs manual sutureless small-incision
xtracapsular cataract surgery (SICS) for the treatment
f cataracts in Nepal.
DESIGN: Prospective, randomized comparison of 108

onsecutive patients with visually significant cataracts.
METHODS: SETTINGS: Outreach microsurgical eye

linic. PATIENTS: One hundred eight consecutive patients
ith cataracts were assigned randomly to receive either
hacoemulsification or SICS. INTERVENTION Cataract
urgery with implantation of intraocular lens. MAIN OUT-
OME MEASURES: Operative time, surgical complications,
ncorrected and best-corrected visual acuity (BCVA),
stigmatism, and central corneal thickness (CCT).
RESULTS: Both surgical techniques achieved excellent

urgical outcomes with low complication rates. On post-
perative day 1, the groups had comparable uncorrected
isual acuity (UCVA) (P � 0.185) and the SICS group
ad less corneal edema (P � 0.0039). At six months,
9% of the SICS patients had UCVA of 20/60 or better
nd 98% had a best-corrected visual acuity (BCVA) of
0/60 or better vs 85% of patients with UCVA of 20/60
r better and 98% of patients with BCVA of 20/60 or
etter at six months in the phaco group (P � 0.30).
urgical time for SICS was much shorter than that for
hacoemulsification (P < .0001).
CONCLUSION: Both phacoemulsification and SICS

chieved excellent visual outcomes with low complica-
ion rates. SICS is significantly faster, less expensive, and

ee accompanying Editoral on page 143.
ccepted for publication Jul 21, 2006.
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h
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ess technology dependent than phacoemulsification.
ICS may be the more appropriate surgical procedure for
he treatment of advanced cataracts in the developing
orld. (Am J Ophthalmol 2007;143:32–38. © 2007
y Elsevier Inc. All rights reserved.)

PPROXIMATELY 18 MILLION PEOPLE WORLDWIDE

are blind from bilateral mature cataracts.1 Despite
what modern technology has done to advance the

reatment of cataracts, the greatest challenge in our field
ontinues to be the large and increasing backlog of cataract
lindness in developing countries.1 In North America and
urope, the focus of cataract research has been directed at
xciting, but expensive, new intraocular lens (IOL) and
hacoemulsification technology. The best centers in the
eveloping world are adopting this technology slowly,
llowing those who can afford it to receive phacoemulsi-
cation and foldable IOL surgery. Meanwhile, millions of
nderprivileged people in developing nations with revers-
ble blindness from mature cataracts go untreated.

Reducing the growing backlog of cataract blindness is a
ormidable challenge. If services continue to be skewed
oward only the wealthiest members of poor countries, then
he number of people who will be blind from cataracts will
ouble by the year 2020.2 Phacoemulsification machines are
xpensive to purchase and maintain, and they add relatively
igh costs of surgical consumables. Foldable IOLs are cost-
rohibitive for poor populations. The extensive surgical
raining that is required for phacoemulsification is unreal-
stic in health care systems with severe shortages of
phthalmologists. Finally, the brunescent hard cataracts
hat are typical of underserved populations make phaco-
mulsification significantly more difficult, time consuming,
nd prone to complication.3

Several centers have reported significant success with

igh volume, low technology, low cost, sutureless small

LL RIGHTS RESERVED. 0002-9394/07/$32.00
doi:10.1016/j.ajo.2006.07.023
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ncision extracapsular cataract surgery (manual SICS).4–8

ther studies have shown that manual SICS is clearly
ore cost effective than the alternatives,9,10 which in-

ludes large incision extracapsular cataract extraction.11,12

ogate and associates8 recently reported six-week results
rom a series of 400 patients in which manual SICS was
ompared with phacoemulsification. Both surgical meth-
ds were shown to be safe and effective.
The Aravind Eye Hospital network reported on a

etrospective study of sutureless, manual SICS when per-
ormed in an extremely high-volume setting.7 They re-
iewed the records of approximately 600 patients, which
epresented the surgical output of three surgeons during
wo randomly selected operative days. Before operation,
0% of the patients had vision of better than or equal to
0/240. Despite an average surgical time of 3.75 minutes per
ase, the surgical complication rate was low, with less than a
% rate of vitreous loss. By six-weeks after operation, 95% of
he patients had achieved a best-corrected visual acuity
BCVA) of better than or equal to 20/60.

Although these reported outcomes are impressive, the
ollow-up period was short. In addition, phacoemulsifica-
ion with a foldable IOL is the procedure of choice in
ndustrialized nations. Therefore, an important question is
ow sutureless, manual SICS with polymethylmethacry-

ate (PMMA) IOLs would compare to phacoemulsification
ith foldable IOLs for a similar population with advanced
ataracts.

To compare these two surgical methods, we conducted a
rospective randomized trial at an outreach microsurgical
ye clinic (OMEC) in Nepal. All patients who were
ncluded in the study had advanced cataracts with no
vidence of other ocular disease. The patients were as-
igned randomly to receive either phacoemulsification
ith a foldable IOL or manual SICS with a rigid PMMA

OL. Patients were followed for six months after operation.
Study variables included operative time, intraoperative and

ostoperative complications, changes in corneal thickness,
ncorrected and best-spectacle corrected visual recovery, and
eratometric astigmatism. Follow-up rates were excellent in
oth groups.

METHODS

SUBJECTS: In May 2005, 108 consecutive Nepalese
MEC patients with operable cataracts and no other

iscernable ocular disease were assigned randomly to re-
eive either phacoemulsification or manual SICS. Al-
hough no formal institutional review board exists at the
ilganga Eye Center, detailed informed consent was ob-

ained from every subject before enrollment in the study.

INCLUSION AND EXCLUSION CRITERIA: Initial screen-
ng examinations consisted of uncorrected visual acuity

UCVA), pinhole visual acuity, pupil and slit-lamp exam- l

PHACO VS MANUAL SICS INOL. 143, NO. 1
nation, and intraocular pressure measurement. Patients
ith decreased visual acuity because of cataracts and no
ther apparent ocular disease received further testing that
onsisted of manual keratometry, pachymetry, A-scan and
-scan, finger stick blood glucose measurement, and blood
ressure measurement.

RANDOMIZATION: Patients who were cleared for cata-
act surgery were assigned randomly by picking a ball from
bag that contained one white ball and one black ball. A
hite ball assigned the patient to phacoemulsification with
foldable IOL, which was performed by one of the authors

D.C.), who is a clinical professor at the University of
alifornia, San Francisco. A black ball assigned the
atient to sutureless manual SICS, which was performed
y another author (S.R.), director of the Tilganga Eye
enter in Nepal. After each random assignment, the

ollowing patient was assigned automatically to the alter-
ative procedure. The process was repeated until all 108
atients had been assigned; there were 54 total patients
ssigned to each procedure.

INTERVENTION: All patients in both groups under-
ent dilation with topical tropicamide and phenylephrine
nd were prepped with Betadine solution. A retrobulbar
lock was administered, and a balanced weight was applied
o soften the eye. The patients were brought to the
perating room where they were reprepped with betadine
nd draped for cataract surgery. Biometry was performed
efore the operation on all patients with the use of a Javal
chiotz keratometer (Haag-Streit, Bern, Switzerland) and
n Alcon biophysics Acuscan (Alcon Laboratories, Inc,
rlando, Florida, USA) for axial length calculations and

etermination of IOL power.
In the phacoemulsification group, all surgery was per-

ormed by Dr David Chang, a leading teacher of phaco-
mulsification surgery in the United States. Dr Chang has
erformed more than 10,000 cataract extractions with the
hacoemulsification technique, which includes multiple
rips to India and Nepal where he has operated on many
dvanced cataracts. Dr Chang’s surgeries were performed
hrough a temporal clear corneal incision that was fash-
oned with a diamond keratome. A Zeiss OPMI operating
icroscope (Carl Zeiss Meditec, Jena, Germany) was used.
capsulorrhexis was performed in every eye, and trypan

lue dye was used, if needed, to visualize the capsule.
dvanced Medical Optics (AMO) Vitrax (Santa Ana,
alifornia, USA), a dispersive viscoelastic, was used for

ach case. The AMO Sovereign phacoemulsification ma-
hine with WhiteStar technology was used to perform a
hacoemulsification chop technique in every eye. After
ortical clean-up, each eye received a foldable IOL that
as injected through the un-enlarged phacoemulsification

ncision. The AMO Clariflex three-piece silicone IOL
with a truncated Opti-edge) was used, unless the calcu-

ated power was not available. In this case, a foldable

DEVELOPING WORLD 33
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ydrogel IOL that was manufactured at the Tilganga Eye
enter was used. With the exception of one case of
osterior capsule rupture in which the incision was en-
arged to remove the nucleus, none of the eyes required
utures.

Manual sutureless small incision extracapsular cataract
xtraction was performed by our previously described
echnique with the use of a temporal approach.13 After a
imited peritomy and light wetfield cautery, a 6 to 7 mm
cleral tunnel incision was created with a crescent blade,
tarting 1.5 to 2.0 mm behind the limbus. This incision
as widened to approximately 9 mm as it was carried

orward 1.0 to 1.5 mm into clear cornea. A bent 27-gauge
eedle was used to create a V-shaped capsulotomy. A
.0 mm metal keratome blade was used to open the entire
nternal lip of the tunnel incision. An irrigating simcoe
annula that was designed especially with a 21-gauge
nfusion and a corrugated concave edge was used to
ydrodissect, loosen, and float the nucleus into the mouth
f the tunneled incision, through which it was then
xpressed. All cortical material was removed with the
imcoe cannula. A single-piece PMMA IOL was inserted
nto the capsular bag. The base of the anterior capsule flap
as transected with a long Vannas scissor, and the flap was

emoved with the aspirating cannula. A watertight wound
as confirmed by reinflating the eye with balanced salt

olution. No sutures were placed, and the conjunctiva was
pposed with cautery.

All patients in both groups received the same postoper-
tive medication regimen, beginning with topical cipro-
oxacin and dexamethasone and a sterile dressing at the
onclusion of surgery. After operation, all patients received
combination ciprofloxacin and dexamethasone eye drop

very two hours, beginning on the first postoperative day
nd then five times per day for the next week. The drop
sage was then tapered and continued three times per day
or a total of five weeks.

MEASUREMENT OF SURGICAL TIME: Three separate
ime trials were conducted. For each time trial, the

TABLE. Baseline Characteristics of Patients
vs Manual Sutureless Small Inci

Variable

Median age (y)

Standard deviation

Male (%)

Illiterate (%)

Preoperative uncorrected visual acuity hand

motions or worse (%)

Average preoperative uncorrected visual

acuity, remaining patients (n/N)
urgeons performed five consecutive cataract extractions p

AMERICAN JOURNAL OF4
sing their assigned technique in immediate succession.
lapsed running time was recorded, starting from the end
f the preceding case and continuing through the comple-
ion of the next five consecutive cases. The total running
ime was divided by five to determine the average case
ime, which included both operating and turnover time.
or the remainder of the study, both surgeons began cases
imultaneously, with the manual SICS table waiting for
he phacoemulsification table to begin each case.

FOLLOW-UP AND END POINTS: Patients were moni-
ored on postoperative days 1 and 5, weeks 3 and 6, and
ostoperative months 3 and 6. Parameters that were
easured were UCVA and BCVA, keratometry, and

entral corneal thickness (CCT). All postoperative visual
cuities and refractions were obtained by ophthalmic
ssistants who were masked to the treatment group and
ad not been involved in the preoperative portion of the
tudy. Patients were then examined at the slit-lamp by a
hysician.

COST ANALYSIS: At the conclusion of the trial, data on
ost of equipment and consumables for each technique
ere collected and analyzed.

RESULTS

ASELINE CHARACTERISTICS OF THE 54 PATIENTS IN THE

hacoemulsification and 54 patients in the manual SICS
roups were comparable (Table). The sample size of 108 was
he number of patients who met the inclusion criteria and
ho opted to participate in the study during one site visit

G.T., S.R., D.C.). Preoperative visual acuity was similar in
oth groups. In the phacoemulsification group, 12 of 54
atients (22.2%) had an uncorrected acuity of hand motions
r worse, compared with 13 of 54 patients (24.1%) in the
ICS group (P � .819). The average visual acuity of the 42
emaining patients in the phacoemulsification group was
0/300. The average visual acuity of the remaining 41

Entered the Study of Phacoemulsification
Extracapsular Cataract Surgery

emulsification

Small Incision Extracapsular

Cataract Surgery P value

65.8 63.8

8.7 11.2

46.3 35.2

84 85.2

22.2 24.1 .819

0/300 20/353 .681
Who
sion

Phaco
atients in the SICS groups was 20/353 (P � .681).

OPHTHALMOLOGY JANUARY 2007
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Approximately one half of the phacoemulsification cases
equired trypan blue dye to visualize the anterior capsule.
ntraoperative or postoperative complications were rare in
oth groups. There were no cases of posterior capsule
upture in the manual SICS group. In the phacoemulsifi-
ation group, there was one instance of a radial tear in the
apsulorrhexis because of poor corneal visibility. Surgery
as completed successfully in this eye with capsular bag

mplantation of a foldable IOL. In the phacoemulsification
roup, there was one case of posterior capsule rupture that
ccurred during nuclear emulsification. The partially de-
cended nuclear fragments were elevated into the anterior

IGURE 1. Mean uncorrected visual acuity (UCVA) for the
hacoemulsification (Phaco; dashed line) and manual suture-
ess small incision extracapsular cataract surgery (SICS)
roups. Vision recorded at preoperative testing (PreOp) and
ostoperative (PostOp) day 1 and month 6. Error bars denote
5% confidence interval. *Does not include 12 patients in the
hacoemulsification group and 13 patients in the SICS group
ho had hand motions or worse visual acuity before operation.

IGURE 2. Mean best-corrected visual acuity (BCVA) for the
hacoemulsification (Phaco; dashed line) and manual suture-
ess small incision extracapsular cataract surgery (SICS) groups
t preoperative (PreOp) testing and postoperative (PostOp) day
and month six. Error bars denote 95% confidence interval.

Estimated with pinhole visual acuity testing. Does not include
2 patients in the phacoemulsification group and 13 patients in
he SICS group who had hand motions or worse visual acuity
efore operation.
hamber with a posterior assisted levitation technique. g

PHACO VS MANUAL SICS INOL. 143, NO. 1
he fragments were then removed through an enlarged
ncision with a lens loop. After a bimanual pars plana
nterior vitrectomy, the IOL was placed in the sulcus with
apsulorrhexis capture of the optic. The incision was
losed with simple interrupted 10-0 nylon sutures. This
atient did not require any further surgical intervention,
nd her BCVA was 20/30 at the six-month follow-up visit.
here was one minor hyphema in the phacoemulsification
roup and 16 minor hyphemas in the manual SICS group
n postoperative day 1. None of the hyphema required
ntervention, and all of them spontaneously cleared by
ostoperative day 5. No other significant complications
ere observed in the operative or postoperative period.
Follow-up rates were comparable between the phaco-

mulsification and manual SICS groups. Both groups had
00% follow-up on postoperative day 1 and better than
6% follow-up at day 5 and weeks 3, 6, and 12. The
ix-month follow-up rate was lower but, again, similar in
oth groups at 85% and 88% for the manual SICS and
hacoemulsification groups, respectively (P � .880). Be-
ause of the nature of the outreach cataract screening process
nd the poor and remote setting where most patients reside,
e were unable to determine the reasons that eight patients

n the manual SICS group and six patients in the phacoemul-
ification group were lost to follow-up.

Both groups achieved excellent visual results (Figures 1
o 4). The two groups showed no statistically significant
ifference in UCVA or BCVA at the six-month follow-up
xamination. Eighty-nine percent of the manual SICS
roup had better than or equal to 20/60 UCVA, compared
ith 85% of the phacoemulsification group at the six-
onth follow-up visit (Mantel Haenszel Chi-square test,
odified Ridit score; P � .30). Ninety-eight percent of

oth the manual SICS group and the phacoemulsification

IGURE 3. Uncorrected visual acuity (UCVA) by functional
evel at six months after operation. Stratified into groups with
isual acuity of 20/20, better than or equal to 20/30, and better
han or equal to 20/60 in the phacoemulsification group
Phaco; black) vs the manual sutureless small incision extra-
apsular cataract surgery (SICS; gray) group.
roup attained BCVA of better than or equal to 20/60 at

DEVELOPING WORLD 35
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he six-month follow-up visit. Initial visual recovery was
etter in the patients who underwent manual SICS, with
0% of the patients seeing better than or equal to 20/30
ncorrected on postoperative day 1 vs 30% in the phaco-
mulsification group (two-sided Wilcoxon two sample test;
� .028). This difference equalized by three weeks. At six
onths, logarithm of minimal angle of resolution analysis

f final refracted visual acuity showed the phacoemulsifi-
ation group being slightly better, with 94% of the patients
eeing better than or equal to 20/30 vs 89% in the manual
ICS cohort (Mantel Haenszel Chi-square test, modified
idit score; P � .0028). At six months, UCVA was better

han or equal to 20/30 in 54% of the phacoemulsification
roup vs 32% for the manual SICS group (P � .295).

Postoperative corneal edema was determined individually
y calculation of the difference between pre- and postopera-
ive CCT measurements. The differences were then averaged
ithin each group. On postoperative day 1, the phacoemul-

ification group had an average increase of 70 �m in CCT vs
�m in the manual SICS cohort. Edema decreased by day 5

o 29 �m and 4 �m in the phacoemulsification and manual
ICS groups, respectively. By postoperative week 3, CCT had
eturned to baseline in both groups.

Clinical grading of posterior capsular opacification
PCO) varied significantly between groups. At the six-
onth follow-up visit, 26 of 46 patients (56.5%) in the
anual SICS group vs 41 of 48 patients (85.4%) in the

hacoemulsification group had no PCO (P � .203). Of
he remaining 20 patients in the manual SICS group, 12
atients were graded as 1� PCO, and eight patients were
raded as 2� PCO. In the phacoemulsification group,
even patients were graded as having 1� PCO, and no
atients were found to have 2� PCO.

At the final examination, there was no statistical differ-

IGURE 4. Best-corrected visual acuity (BCVA) by functional
evel at six months after operation. Stratified into groups with
isual acuity of 20/20, better than or equal to 20/30, and better
han or equal to 20/60 in the phacoemulsification group (Phaco;
lack) vs the manual sutureless small incision extracapsular
ataract surgery (SICS; gray) group.
nce in keratometric astigmatism between the two groups. u

AMERICAN JOURNAL OF6
he average keratometric astigmatism was 0.88D in the
anual SICS group and 0.70D in the phacoemulsification

roup (P � .12). A vector analysis was not performed.
ecause only averaged keratometric data were recorded
efore the operation for each patient, further analysis was
ot performed on astigmatic change.
Time trials significantly favored the manual SICS group

ver the phacoemulsification group, with average case-
lus-turnover times of 9.0 minutes for manual SICS vs 15.5
inutes for phacoemulsification (Wilcoxon rank sum test;
� .0001).
The per-case cost of surgical consumables was much greater

or phacoemulsification at 70 US dollars (USD) vs 15 USD
or manual SICS. The increased cost per case included the
ore expensive foldable acrylic IOL at a cost of 52 USD,

ompared with the 5 USD one-piece PMMA lens for manual
ICS. Phacoemulsification tips, sleeves, test chambers, large
olumes of infusion fluid, and trypan blue dye were also used
xclusively for the phacoemulsification technique.

The surgical equipment that was required for phaco-
mulsification was also much more costly than the
quipment that was used for SICS. An AMO sovereign
ith Whitestar technology was obtained at a cost of
0,000 USD, and a high-quality operating microscope
Visu 210; Zeiss), at a cost of 52,000 USD, was used. The
anual SICS cases, in contrast, were performed under a
eiss 1FR operative microscope that cost 9,200 USD.
inally, phacoemulsification requires a constant source of
eliable electricity and maintenance by trained personnel.

DISCUSSION

OTH PHACOEMULSIFICATION AND SICS ACHIEVED EXCEL-

ent visual outcomes in our prospective randomized study
f 108 eyes with advanced cataracts in a Nepalese OMEC.
oth groups had a low complication rate, with only one
ase of posterior capsule rupture with vitreous loss (in the
hacoemulsification group). There were 17 cases of tran-
ient hyphema; all but one case occurred in the manual
ICS cohort. Vision on postoperative day 1 was better
ith manual SICS. This correlated with the greater in-
rease in corneal thickness in the phacoemulsification
roup. Although phacoemulsification times were not re-
orded and endothelial cell counts were not measured in
his study, the increased corneal edema that was seen in
he phacoemulsification group is understandable, given the
dvanced nuclear cataracts in this patient population. All
f the corneas in both groups were clear by three weeks
fter surgery and had returned to their baseline CCT.

The World Health Organization defines visual impairment
s vision worse than 20/60.14 With the use of this standard of
etter than or equal to 20/60, both techniques were extremely
uccessful at restoring functional vision. Most importantly,
oth surgical methods were equally successful at achieving

naided visual acuity of better than or equal to 20/60. In

OPHTHALMOLOGY JANUARY 2007
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emote developing world settings, it is often difficult for poor
atients to obtain refractions or corrective spectacles after
ataract surgery. The same is true for obtaining replacement
enses if their spectacles break or become scratched. There-
ore, good uncorrected vision is particularly important in this
opulation. In our manual SICS cohort, 91% of the patients
chieved this level of uncorrected vision on postoperative day
, and 89% of the patients achieved this level at six months
fter the operation. In the phacoemulsification group, 78% of
he patients saw better than or equal to 20/60 on the first day
nd increased to 85% at six months. Western studies have
eported better initial UCVAs after phacoemulsification.15

owever, the cataracts in this study were more advanced
han those reported in these Western studies. With best-
pectacle correction, all but one patient in each group saw
etter than or equal to 20/60 at six months.

Our manual SICS results for both corrected and uncor-
ected vision are slightly better than previously reported
eries.4–7 We have found that induced astigmatism has
een reduced by adopting a temporal approach for manual
ICS surgery. This has resulted in significantly better
ncorrected visual acuities in our experience. We previ-
usly performed a prospective controlled trial at the Til-
anga Eye Center on patients who were bilaterally blind in
oth eyes from mature cataracts (unpublished data). These
atients received manual SICS surgery by the same surgeon
S.R.), but with a temporal incision on one eye and a superior
ncision on the other. The temporal incision was superior in
erms of induced astigmatism and uncorrected vision.

At six months, vision outcomes were better in the
hacoemulsification group, with more patients having
etter than or equal to 20/30 vision both with and without
orrection. The phacoemulsification group had 54% of the
atients seeing better than or equal to 20/30 without
orrection and 94% with correction vs 32% unaided and
9% of the patients with spectacles seeing better than or
qual to 20/30 in the manual SICS eyes. Although only
5% of the patients returned for their six-month exami-
ation, this trend was already apparent at week 3 when,
ith nearly 100% follow-up, 35% of the phacoemulsifica-

ion group saw better than or equal to 20/30 without
orrection vs 31% of the patients who underwent manual
ICS. Ninety-four percent of the phacoemulsification eyes
efracted to better than or equal to 20/30 against 81% of
he manual SICS cohort at three weeks.

There are several possible reasons for the better visual
cuities in the phacoemulsification group compared with
he manual SICS group. The most likely explanation may
e the greater rate of posterior capsule opacification in the
anual SICS group. A foldable silicone IOL with a

runcated edge that is placed in the capsular bag with an
verlapping capsulorrhexis would be expected to have a
ower incidence of PCO compared with a one-piece
MMA IOL with a rounded edge and a discontinuous
nterior capsulotomy. In addition, the use of cortical

leaving hydrodissection with a capsulorrhexis may have m

PHACO VS MANUAL SICS INOL. 143, NO. 1
etter facilitated thorough cortical clean-up in the phaco-
mulsification cohort. One patient in the manual SICS
roup returned for his six-month visit with 20/60 best-
orrected acuity and significant posterior capsular opacity.
fter yttrium-aluminum-garnet (YAG) capsulotomy, the

ision improved to 20/30. This was the only YAG capsu-
otomy to be performed in either group during the six-
onth study period. The capsulorrhexis in the

hacoemulsification group also insured 100% in the bag
lacement of the IOL. The V capsulotomy that was used in
he manual SICS technique left a few of the IOLs partially
r completely in the sulcus on follow-up examination.
owever, at the six-month follow-up visit, none of the

enses were noted to be decentered. Although the differ-
nce in average keratometric astigmatism between the two
roups was very small at 0.18D, the astigmatism that is
nduced by the 6.5-mm scleral tunnel may play a role in
ome of the patients who underwent manual SICS having
lightly inferior vision.16 We did not obtain data that
ould allow us to perform vector analysis of the induced
stigmatism. Finally, the iris manipulation that is required
ith manual SICS to prolapse these large nuclei into the
nterior chamber may have resulted in greater inflamma-
ion and cystoid macular edema, compared with the
hacoemulsification group. We did not perform fluorescein
ngiography or ocular coherence tomography to confirm
his hypothesis. Although every study patient in both
roups was treated with topical steroid for five weeks, none
f the patients received topical nonsteroidal anti-inflam-
atory medications, which might have reduced the overall

ncidence of cystoid macular edema. Future studies are
eeded to investigate these possibilities.
Surgical speed and efficiency are paramount in the

eveloping world because surgical cataract capacity is
imited by the shortage of experienced ophthalmic sur-
eons. Visual recovery rates aside, manual SICS proved to
e a much faster surgical technique than phacoemulsifica-
ion for the advanced cataracts typical of our Nepalese
MEC population. Thanks to experienced assistants and

se of multiple sterile instrument sets, case turnover time
as equally fast for both techniques.
As previously mentioned, Venkatesh and associates7 re-

orted outcomes from a high-volume manual SICS study at
he Aravind Eye Hospital system in which three sur-
eons performed �600 surgeries, with an average time of
4 minutes per case, including turnover time. This was

ccomplished by having the surgeon alternate between two
perating tables. While the surgeon was operating on one
able, turnover time was minimized by prepping the next
atient on the adjacent table. The surgical outcomes and
omplication rates reported in this group of 600 patients
as excellent.
The surgeon who performed manual SICS (S.R.) from

ur study typically averages 8 to 10 cases per hour using a
ingle long operating table. The surgeon is seated in the

iddle and operates from a temporal approach on every
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ye. To expedite turnover, patients who require right eye
urgery alternate with those who need left eye surgery. In
his way, consecutive patients can be placed simulta-
eously on the table, with their legs pointed away from
ach other. As soon as one patient sits up after surgery, the
ext patient immediately lays down with his or her head
n the same operating pillow. In this way, the surgeon
ever changes location from one case to the next. Using
he identical operating table configuration and a slight
ariation of the manual SICS technique, another of the
uthors (G.T.) has been able to perform �150 cases in one
ine-hour stretch, which is an average of 17 cases per hour.
his ability to perform manual SICS rapidly and with high
aily volumes is critical for maximizing surgical efficiency
nd productivity in a developing world setting.

Manual SICS is far less expensive to perform than
hacoemulsification.9 Added to the large capital expense
f the phacoemulsification machine are the per case costs
f consumables (phacoemulsification tips, sleeves, and
ubing) and ongoing maintenance. Phacoemulsification
lso requires a dependable source of electricity, which is
ot always available in remote locations, such as rural
epal. In contrast, the only expensive equipment that is
ecessary to perform manual SICS is an operating micro-
cope, which can be powered by a battery or small diesel
enerator. Finally, high-quality PMMA lenses that are
anufactured in Nepal or India are roughly one-tenth the

ost of foldable IOLs that are imported from the United
tates. The use of locally produced IOLs, viscoelastics, and
harmaceuticals has lowered the cost of manual SICS
urgery at the Tilganga Eye Center to �20 USD per case.

In conclusion, in the hands of experienced surgeons,
oth phacoemulsification and manual SICS achieved ex-
ellent visual outcomes, with low complication rates in
atients with advanced cataracts who were examined at a
ural Nepalese OMEC. Manual SICS was a faster and less
xpensive technique than phacoemulsification. For this
eason, we believe that manual SICS is the more appro-
riate technique for addressing the large and growing
acklog of blinding cataracts in the developing world.5,6
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