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Purpose: To determine the efficacy of bimanual microincision cataract surgery (B-MICS)
performed by surgeons in training, evaluating clinical results, posterior capsule opacification
(PCO) incidence, and clear corneal incision (CCI) architecture in a long-term follow-up and
comparing results with those obtained by experienced surgeons.

Patients and methods: Eighty eyes of 62 patients operated on by three surgeons in training
who used B-MICS technique for the first time were included in the study (Group A). Eighty
eyes of 59 patients who underwent B-MICS by three experienced surgeons were included as a
control group (Group B). Best corrected visual acuity, astigmatism, corneal pachymetry, and
endothelial cell count were evaluated before surgery and at 1 month and 18 months after surgery.
Anterior segment optical coherence tomography images were obtained to study the morphology
of CClIs. PCO incidence was evaluated using EPCO2000 software.

Results: Out of 160 surgeries included in the study, mean best-corrected visual acuity improve-
ment at 18 months was 0.34310.246 logMAR for Group A, and 0.388%0.175 logMAR for
Group B, respectively. We found no statistically significant induced astigmatism nor corneal
pachymetry changes in either group, while we noticed a statistically significant endothelial cell
loss postoperatively in both groups (P<<0.05). In Group A, mean PCO score was 0.16320.196,
while for Group B, it was 0.057+0.132 (P=0.0025). Mean length and inclination of the CCls for
Group A and Group B were, respectively, 1,358+175 um and 1,437£256 um and 141.8°%+6.4°
and 148.7°+5.1°. As regards corneal architecture in the 320 CCls considered, we found posterior
wound retractions and endothelial gaps, respectively, 9.8% and 11.6% for Group A and 7.8%
and 10.8% for Group B.

Conclusion: B-MICS performed by surgeons in training is an effective surgical technique even
when assessed after a long-term follow-up. PCO incidence resulted in being higher for less
experienced surgeons. Corneal incisions were shorter and less angled in surgeons in training
in comparison with results obtained by expert surgeons.

Keywords: small incisions, learning curve, B-MICS, clear corneal incisions, posterior capsule
opacification

Introduction
Bimanual microincision cataract surgery (B-MICS) is a microinvasive variant of the
traditional coaxial phacoemulsification,! and it is characterized by the separation of
the aspiration and the infusion probes: this enables clear corneal incisions (CCls)
of =1.5 mm, the smallest incisions in cataract surgery.>™

The article recently published by our group® showed that B-MICS is a safe and
effective technique even when performed by surgeons in training assessed in a 1-month
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follow-up, and it may be no more difficult to learn than the
traditional coaxial technique. B-MICS features such as the
increased stability of the anterior chamber, the chance to
use both right and left hand for the procedures directing the
instruments as required, the greater visibility of the surgical
field due to the small size of the instruments, are extremely
helpful, especially for surgeons approaching cataract surgery
for the first time.®

We know that posterior capsule opacification (PCO)
is still one of the main long-term complications and one
of the most common causes of nonrefractive decreased
postoperative vision following lens implantation, especially
for hydrophilic intraocular lens (IOLs).” According to the
literature, there is some debate regarding the importance of
an accurate posterior capsule cleaning for the prevention of
this alteration.®

Even the architecture of the CCls seems to be important
for cataract surgery outcomes during the follow-up.*!

Considering the results obtained in our previous study,
we decided to re-examine a group of patients to evaluate the
results in a long-term follow-up (18 months) considering
the same preoperative parameters such as visual acuity,
astigmatism, corneal thickness, and endothelial cell count.
To date, there are no studies investigating the effectiveness
of B-MICS in a group of surgeons in training with a long-
term follow-up. Moreover, we evaluated PCO incidence and
CClIs architecture with anterior segment optical coherence
tomography (AS-OCT). There are no studies investigating
these alterations for surgeons in training using B-MICS
technique. We compared the results with those obtained by
expert surgeons for a similar group of patients.

Patients and methods

We evaluated 80 eyes of 62 patients who underwent cataract
extraction by three surgeons in training (VV, MF, and TV)
during their first experience with B-MICS at the Institute
of Ophthalmology, University of Modena & Reggio Emilia
(Group A); all the surgeries had an 18-month follow-up.
All the operations were carried out with B-MICS technique
under the direct supervision of an expert surgeon (who had
the task of guidance and possible intervention if required).
The surgeons used B-MICS technique for the first time
with very little previous experience in coaxial technique.
We also evaluated 80 eyes of 59 patients operated by three
expert surgeons (GMC, GD, and GN) as a comparison group
(Group B). In both groups, surgeons used the same B-MICS
technique. Patients in both groups were similar for age and
cataract characteristics.

All the operated eyes had cataracts from grades 2 to 3
in the Lens Opacities Classification System III. Exclusion
criteria were eyes with previous surgery, complicated cata-
ract (eg, total cataract and traumatic cataract), concomitant
pathologies (uveitis, glaucoma, and corneal opacities),
insufficient mydriasis (<4 mm), low endothelial cell count
(<1,500 cells/mm?), and patients with only one eye. We also
excluded patients with any ocular pathology during follow-up
not related to the surgery.

Prior to surgery, all patients underwent a careful clinical
history evaluation, best-corrected visual acuity (BCVA) exam-
ination, anterior segment biomicroscopy, fundus examination,
biometry (performed with both IOL Master; Carl Zeiss Med-
itec AG, Jena, Germany, and US500 Echoscan; Nidek Co.,
Ltd., Gamagori, Japan), corneal microscopy (Noncon Robo
CA; Konan, Hyogo, Japan), corneal pachymetry (IOPac;
Heidelberg Engineering, Heidelberg, Germany), and corneal
topography (CT1000; Shin Nippon, Tokyo, Japan). Every
surgeon performed operations using the same phaco machine
(Stellaris, Bausch & Lomb, NY, USA).

Prophylactic strategies in preventing infections included
applying topical antibiotic eyedrops before surgery, applying
5% povidone iodine to the conjunctival cul-de-sac, prepar-
ing the periocular skin with 10% povidone iodine, careful
sterile draping of the eyelid margins and eyelashes, adding
antibiotics to the irrigating solution, instilling intracam-
eral antibiotics at the end of surgery, and applying topical
antibiotic eyedrops after surgery.

Surgical technique

Prior to a consistent mydriasis obtained with instillation of
10% phenylephrine and 1% cyclopentolate and locoregional
anasthesia with peribulbar block (2.5 mL of lidocaine 2% and
2.5 mL of bupivacaine 0.5%), two 1.4 mm trapezoidal incisions
were performed in the clear cornea at 10 o’clock and 2 o’clock
with a precalibrated diamond knife (ME 772 DA, E Janach,
Como, Italy). A continuous curvilinear capsulorhexis was
made with a cystotome and microforceps (E Janach); hydrodis-
section was performed with 26 G cannula and phacoemulsifica-
tion with a 20 G, 30° angled sleeveless probe, and an irrigating
chopper (Bragamele 19 G). Phacofracture was obtained by the
stop-and-chop technique. Irrigation/aspiration was performed
with a 21 G probe with an oval-shaped section (21 G irrigation
handpiece smooth, Stellaris; 21 G aspiration handpiece rough,
Bausch & Lomb). All surgeons in training used continued
infusion during phacoemulsification and irrigation/aspiration
(I/A). The 10 o’clock incision was enlarged to 1.8 mm with a
precalibrated knife (Alio’s MICS “multi-incision knife’’) and
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IOL was implanted; the incisions were hydrosutured and, if
necessary, sutured with nylon 10/0.

Postoperative therapy consisted of tobramycin and dex-
amethasone eye drops four times a day for 15 days, followed
by flurbiprofen eye drops three times a day for a further
15 days. The study adhered to the tenets of the Declaration
of Helsinki and was approved by the University of Modena
and Reggio Emilia ethics committee. All patients provided
informed consent before surgery.

Long-term outcomes

Postoperative results have been evaluated at 30 days and
18 months in terms of BCVA, corneal pachymetry, corneal
astigmatism, and endothelial microscopy with the instru-
ments previously described. All these examinations have
been performed by the same experienced physician.

PCO incidence

We evaluated PCO incidence using the computer-based
software Evaluation of Posterior Capsule Opacification
2000 (EPC0O2000). This software is based on morphological
assessment of PCO and allows a quantitative and qualita-
tive evaluation of the amount of IOL surface affected by

opacification (Figure 1). For every patient, we took retroil-
lumination images of the pseudophakic anterior segments of
the eyes affected, following dilation of the pupil. We used a
camera connected to the slit lamp. Then, we used EPC0O2000
to evaluate each picture giving us a final PCO score for every
eye examined. The PCO score for each eye is calculated by
multiplying the density of the opacification, graded from
0 (none) to 4 (severe), by the fractional PCO area involved
behind the entire IOL optics.!! Density areas are identified
and marked interactively by the observer on the computer
screen. The evaluation was always made by the same expert
observer. The neodymium-doped yttrium aluminum garnet
(Nd:YAG) laser capsulotomy rate was recorded.

CCls evaluation

For every patient, we performed an AS-OCT (Optos OCT
SLO; Optos Inc., Marlborough, MA, USA) to evaluate
CClIs. In particular, we evaluated length and inclination
of the incisions by calculating the angle between the line
passing through the incision and the line tangential to the
corneal plane using specialized OCT software for both
groups (Figure 2). We also evaluated the presence of other

Figure | PCO analysis with EPCO2000 software in two study cases.

Note: Right panels are pictures from the slit lamp, left panels are the pictures from the correspondent software analysis.

Abbreviation: PCO, posterior capsule opacification.
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Figure 2 Microincision length and angle as measured with AS-OCT.

Notes: (A) B-MICS trapezoidal microincision made with a diamond knife. (B) Microincision length. (C) Microincision angle tangential to cornea.

Abbreviation: AS-OCT, Anterior segment optical coherence tomography.

microstructural features such as endothelial gap, posterior
wound retraction (PWR, defined as a step off or recession
of the limbal edge of the posterior wound surface), epithelial
gap, Descemet’s stripping (DS), and corneal misalignment,
as previously described.>™°

All data have been recorded in an Excel database (Micro-
soft Excel 2010, Microsoft Office Professional Plus 2010),
and for analysis, we used Stata 13.1 software (StataCorp
LP, College Station, TX, USA) with Student’s #-test and
Wilcoxon rank sum test. A P-value <0.05 was considered
to indicate statistical significance. For postoperative results
analysis, we also used one-way analysis of variance with a
Bonferroni correction for multiple testing; normality of data
was verified by Shapiro—Wilk test.

Results
For Group A, 80 eyes (38 right eyes and 42 left eyes) of
62 patients (29 males and 33 females) were included in the
study; the average age was 76.717.1 years (range 62—88 years).
An Akreos MI60 IOL was implanted in every eye. Seventy-
eight IOLs were implanted in the bag, while two were
implanted in the sulcus due to intraoperative complications.
We recorded a mean total surgical time of 27.32+6.18 minutes.
Mean final size of the enlarged incision was 1.77+0.09 mm.
For Group B, 80 eyes (41 right eyes and 39 left eyes)
of 59 patients (26 males and 33 females) were included
in the study; the average age was 74.217.8 years (range
60-89 years). An Akreos MI160 IOL was implanted in every
eye always in the bag. We recorded a mean total surgical
time of 16.21£5.07 minutes. Mean final size of the enlarged
incision was 1.7340.10 mm.

Postoperative results

In Group A, we found a mean BCVA of 0.013+0.031
logMAR at 30 days and 0.066+0.161 logMAR at 18 months,
with a statistically significant improvement from mean BCVA

at baseline (0.40810.183 logMAR). Visual acuity reduction
during 17 months of follow-up was 0.053+£0.161 logMAR,
and this was statistically significant (P=0.004). In the control
group (Group B), we found a mean BCVA improvement of
0.2840.097 at 30 days and 0.037£0.108 logMAR at 18 months,
with a statistically significant improvement from mean BCVA
at baseline (0.410£0.130 logMAR). The reduction in visual
acuity during the follow-up was 0.009+0.037 logMAR, and
this was not statistically significant (P=0.61; Tables 1 and 2).
Using Spearman correlation coefficients, we found that the
improvement in visual acuity at 18 months was similar in the
two groups (r=—0.19, P=0.029), while the reduction in visual
acuity during the follow-up was significantly higher in the
training group (r=—0.27, P=0.002).

With regard to astigmatism, in Group A, we found a mean
decrease of 0.09+0.52 D at 18 months after surgery, while
for Group B, this was 0.071£0.46 D, both not statistically
significant. Regarding corneal pachymetry, we recorded final
mean increase of 5.05+24.09 um and of 3.12421.75 um at
18 months, respectively, for Group A and Group B; still not
statistically significant for both groups.

Finally, with regard to the endothelial cell count in
Group A, we obtained mean values of 1,836.18+450.69
cells/mm? at 1 month and 1,748.32+450.69 cells/mm? at

Table | Mean values of preoperative and postoperative parame-
ters for Group A

Preoperative | month 18 months
BCVA 0.408+0.183 0.013£0.031 0.0660.161
Astigmatism (D)  0.92+0.64 0.79+0.44 0.83+0.61
Corneal 551.50+34.87 557.63+35.89 556.55+36.08

pachymetry (im)
Endothelial count 2,322.90+509.90 1,836.18+519.28 1,748.32+450.69
(cells/mm?)

Notes: BCVA expressed in logMAR. Surgeons in training who used B-MICS
technique for the first time made up Group A. Data presented as mean + standard
deviation.

Abbreviation: BCVA, best-corrected visual acuity.
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Table 2 Mean values of preoperative and postoperative parame-
ters for Group B

Table 4 Length and angle mean values of CCls in the two groups

Main incision Secondary incision

Preoperative | month 18 months
BCVA 0.410+0.130 0.028+0.097 0.037+0.108
Astigmatism (D)  0.96+0.60 0.9310.46 0.89+0.63
Corneal 556.86+34.97 562.92+42.70 559.98+37.50

pachymetry (um)
Endothelial count 2,490.22+435.52 2,102.96+489.85 2,025.99+392.35
(cells/mm?)

Notes: BCVA expressed in logMAR. Experienced surgeons who used the B-MICS
technique made up Group B. Data presented as mean * standard deviation.
Abbreviation: BCVA, best-corrected visual acuity.

18 months as compared with a mean preoperative count
of 2,322.90£509.90 cells/mm?. In Group B, we obtained
mean values of 2,102.96+489.85 cells/mm? at 1 month and
2,025.994392.35 cells/mm? at 18 months as compared with
a mean preoperative count of 2,490.22+435.52 cells/mm?.
Therefore, at 18-month follow-up, we found a mean endothe-
lial cell loss of 574.58+530.39 cells/mm? (21.7%, range
0%-46%) for Group A and of 464.23+511.98 cells/mm?
(16.4%, range 0%—-38%) from surgery, a reduction that is
statistically significant (P<<0.05) in both groups. Using a
nonparametric test, we found that the training group had a
significantly superior endothelial cell loss than that found
by the expert surgeons at 1 month (P=0.04). No statistically
significant cell loss was found between the first and the 18th
month from surgery in both groups.
Mean values obtained are reported in Tables 1 and 2.

PCO incidence
PCO score in Group A was higher (0.16320.196) than that in
group B (0.058+0.133), and the difference was statistically
significant (P=0.002).

PCO was registered in 36 cases (45%) for Group A and
21 cases (27.5%) for Group B; however, visual axis was
involved only in a few cases, and Nd:YAG laser capsulo-
tomy at 18 months was necessary only in four cases (5%)
for Group A and in two cases (2.5%) for Group B. Detailed
results are reported in Table 3.

Table 3 PCO score and percentage of PCO cases and YAG laser
in the two groups

Surgeons in Experienced

training surgeons
PCO score 0.163+0.196 0.058+0.133
Total cases with PCO 45% (36 cases) 27.5% (22 cases)
Nd:YAG laser 5% (4 cases) 2.5% (2 cases)

Group A
Length (um) 1,358+175 1,278+213
Angle (°) 142.6+5.9 141.0£7.0
Group B
Length (um) 1,417+233 1,437+256
Angle (°) 148.745.1 148.1+5.6

Notes: Surgeons in training who used B-MICS technique for the first time made
up Group A. Experienced surgeons who used B-MICS technique made up Group B.
Data presented as mean = standard deviation.

Abbreviation: CCl, clear corneal incision.

CCls evaluations

Using AS-OCT, we found that CClIs in Group A had lower
values both for length (1,318+£194 pum) and inclination
(141.8°£6.4°) in comparison with those in Group B (respec-
tively, 1,427+244 um and 148.4°15.4°), and the difference
was statistically significant (P<<0.05).

Moreover, within Group A, we divided the cases with iris
prolapse from those without iris prolapse: in the first group
(nine cases), CCIs were shorter and less angled (1,202+175 um
and 136.8°17.6°) than in those cases (71 cases) without iris
incarcerations (1,369+299 um 144.4°+5.2°), and the differ-
ence was statistically significant (P<<0.05).

Tables 4 and 5 show all CCIs mean values.

Finally, regarding morphological features of the CCls
at AS-OCT, we found mainly endothelial gaps and PWRs
(respectively, 9.8% and 11.6% for Group A and 7.8% and
10.8% for Group B). Moreover, we found 0.8% epithelial
gap, 0.8% DS, and 0.8% corneal misalignment in Group A
(one case for each type of alterations); we did not find any
of these features in Group B.

Figure 3 shows some cases, and in Table 6 all the altera-
tions are reported for both groups considered.

Discussion
In this study, we investigated postoperative long-term
results obtained by three surgeons in training using B-MICS

Table 5 Length and angle of CCls in cases with or without iris
prolapse during surgery on Group A

Main incision Secondary incision

Cases with iris prolapse (9)

Length (um) 1,230£137 1,174+214

Angle (°) 137.1£5.7 136.5£9.5
Cases without iris prolapse (71)

Length (um) 1,413£300 1,326+299

Angle (°) 145.6+4.8 143.2£5.7

Note: Data presented as mean * standard deviation.
Abbreviations: PCO, posterior capsule opacification; Nd:YAG, neodymium-doped
yttrium aluminum garnet.

Notes: Surgeons in training who used B-MICS technique for the first time made up
Group A. Data presented as mean + standard deviation.
Abbreviation: CCl, clear corneal incision.
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Figure 3 Anterior segment OCT scans showing morphological alterations.

Notes: (A) Epithelial gap. (B) Endothelial gap. (C) Descemet’s stripping. (D) Posterior wound retraction (PWR) at the microincision site (inner side).

Abbreviation: OCT, optical coherence tomography.

technique for the first time in terms of visual outcomes at
18 months after surgery. Moreover, we evaluated PCO
incidence and CClIs architecture. We compared results with
those obtained by expert surgeons.

With regard to postoperative results at 18 months, we
found a significant increase in BCVA in both groups as pre-
viously reported in the literature.*!'>"* In Group A, we found
a statistically significant decrease in visual acuity between
month 1 and month 18 (P=0.004), while this was not sig-
nificant for the expert surgeon group (P=0.61). We supposed
that this could be related to the presence of a higher PCO
incidence in the trainers group.

We found a nonsignificant surgical-induced astigmatism
in both groups as already shown for B-MICS technique.* !’
Moreover, corneal pachimetry resulted in a nonsignificant
change between pre- and postoperative values for both
groups, as expected.

Our findings on endothelial cell loss are statistically
significant and similar to those published in traditional
phacoemulsification cataract surgery performed by residents'®
and for results with B-MICS for expert surgeons.!*? We
found a statistically significant lower cell loss in the expert
surgeons’ group. Certainly, experienced surgeons are more
confident with anterior chamber maneuvres and use less ultra-
sound during the surgery than surgeons in training. However,
endothelial cell loss remained stable during 17 months of
follow-up in both groups (Table 1).

PCO remains the most common complication in cataract
surgery. Many studies have tried to find factors influenc-
ing PCO development.®?">* These factors include the IOL
design, the use of specific therapeutic agents, the surgical
technique itself, and other surgical interventions such as an
accurate posterior capsule cleaning at the end of I/A. IOLs
with sharp optic edges should be preferred to round-edged

Table 6 Morphological features of CCls in Group A and Group B at the follow-up at |18 months

Endothelial gaping Local detachment Posterior wound Loss of coaptation Epithelial gaping

of the wound of Descemet’s retraction along the stromal of the wound
membrane tunnel
M (%) S (%) M (%) S (%) M (%) S (%) M (%) S (%) M (%) S (%)
Group A 83 1.6 1.6 0 16.6 6.6 1.6 0 1.6 0
Group B 10.2 54 0 0 12.4 9.3 0 0 0 0

Notes: Surgeons in training who used B-MICS technique for the first time made up Group A. Experienced surgeons who used B-MICS technique made up Group B.
Abbreviations: CCl, clear corneal incision; M, main incision; S, secondary incision.
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Figure 4 Posterior capsule scraping performed by an expert surgeon.
Note: (A) Scraping with a smooth 26 G cannula, and (B) with bimanual I/A probes.
Abbreviation: I/A, irrigation/aspiration.

IOLs but there does not seem to be any significant differ-
ence using different optic materials or different types of
anti-inflammatory treatments.®

There are very few reports on PCO incidence in B-MICS.
In our study, we found a higher PCO score in Group A. To try
to explain this finding, we carefully checked every video
recording concerning the surgical maneuvres performed by
each surgeon, and we noticed that expert surgeons always
carried out an accurate cleaning of the posterior capsule at the
end of I/A with a manual aspiration cannula or bimanual I/A
(Figure 4). Surgeons in training never performed this delicate
surgical intervention due to lack of skill with posterior capsules.
We think that this could be the reason for the higher incidence
of PCO in the training group. The lack of an accurate cleaning
of the posterior capsule can lead to a proliferation, growth,
migration, and transdifferentiation of residual lens epithelial
cells as previously reported in the literature,* and this process
can be responsible for the higher rate of PCO incidence.

In B-MICS, a correct execution of the CCls is crucial
for the subsequent surgical steps, and recently, AS-OCT has
been identified as being the most useful method to detect
changes in the architecture of CCIs.>***® CClIs need to be
correctly positioned and angled: they must be, respectively,
1.4 mm long and 145° angled. In case of too short and/or too
perpendicular incisions, they may induce an increased risk of
intraoperative iris prolapse in the surgical wound.?!

In our case series, we found that CClIs performed by
surgeons in training presented lower values both for length
and inclination in comparison with those values found by
expert surgeons. This could have been an important factor
in determining a more frequent iris prolapse occurrence in
the training group. In our previous study,’ we reported a
high incidence of iris prolapse occurrence during B-MICS

performed by surgeons in training. This value turned out to be
higher than that found in other studies,'*!#2° and we thought
it could be related to both the wrong inclination and length
of the CCIs and the use of the nondominant hand.

We reanalyzed all the CCls using AS-OCT separating
the cases with iris prolapse from those without iris prolapse:
interestingly, we noticed that in the first group, incisions were
shorter and less angled than in those cases without iris incar-
ceration. These results confirmed that CCls architecture in
B-MICS results in being a very important step in the technique.
Interestingly, we noticed that in Group A, the CCls in the domi-
nant hand (main CCI) were longer than that in the nondominant
hand, while we found the opposite for the expert surgeons. We
suppose that for trainers, the use of the nondominant hand can
be more difficult, especially in handling instruments, and the
incision could be less angled and shorter in order to try to enter
into the anterior chamber in the easiest way. For experienced
surgeons, this maneuvre is certainly easier.

Finally, as regards ultrastructural alterations in the site
of the incisions, we found mostly endothelial gaps and
PWRs. In a previous study investigating CCls architecture
in B-MICS in a long-term follow-up for an expert surgeon,’
Calladine and Packard found only PWR and mostly in the
dominant hand. In our study, we found some endothelial
gaps in both groups, a case each for epithelial gap, DS, and
corneal misalignment in the surgeons in training group, while
we did not find any of these features in the expert surgeons
group of patients. However, these alterations did not influ-
ence visual results.

Conclusion
B-MICS is an effective technique when performed by
surgeons in training even assessed after a long-term
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follow-up. The lack of experience of the surgeons in training
and a less accurate cleaning of the posterior capsule may lead
to a more significant incidence of PCO in the postoperative
period compared to expert surgeons. This may also lead to
the presence of microstructural alterations at the incision site
that, however, do not influence the efficacy of this surgery.
Due to the relatively small data set, other investigations will
be needed in the future to validate the effectiveness of this
technique at long-term for surgeons in training.
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