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By James A. Davison, M.D., F.A.C.S.

The New Frontier of Microincisions in
Cataract Surgery
Learn about the latest techniques and instrumentation.
press against the external flap, so sutures weren’t needed.3
After the creation of self-sealing incisions, Kimya Shimizu,
M.D., introduced a diamond-shaped, uniplanar, temporal clear
corneal incision for cataract surgery in 1992.4 When stromal
hydration was introduced that same year, I. Howard Fine, M.D.,
developed the sutureless temporal clear corneal incision technique.5 The combination of topical anesthesia, the temporal
clear corneal self-sealing incision, coaxial phaco and the foldable IOL quickly became the standard of care in ophthalmology.
Sixteen years later, we still need to make two incisions for
bimanual nuclear cracking or chopping. But now the incision
sizes are much smaller: 1.2 mm to 2.4 mm. Two microphaco
approaches have emerged that use these incision sizes. One is
the micro-coaxial phacoemulsification system, an integrated
refinement of the traditional coaxial technique. The second is
the microincision cataract surgery (MICS) strategy. Introduced 7
years ago, MICS involves the insertion of an unsleeved phaco tip
in one incision and an infusion cannula-manipulator in another.6
Each approach requires the use of two hands and a twoincision pattern.

Microincision cataract surgery, currently defined as a primary incision width of 2.4 mm or less, is rapidly growing in popularity. The burgeoning trend is being driven by surgeons’ continued desires to perform less invasive surgery. And it’s being
facilitated by technological advances in three categories: new
instrumentation to consistently create smaller incisions; dramatically refined phacoemulsification machine performance;
and new IOL designs and delivery systems that are compatible
with smaller incisions.
In this article, I’ll briefly discuss how microincision cataract
surgery has evolved over the last three decades. Then, I’ll discuss how far we’ve come in the last 5 years as we’ve developed and refined two of the most popular microincisional techniques that are benefiting surgeons and patients.

Where We Were — How Far We’ve Come
Before you can fully understand the significance of the
changes that have taken place in cataract surgery over the
years, you need an historical perspective. Charles D. Kelman,
M.D., considered the father of phaco, published his first study
on the technique in 1967.1 Various surgical techniques evolved
in the years that followed, but almost all of them required a
bimanual approach, involving one 3.2-mm to 3.5-mm incision
to insert a phaco tip and silicone infusion sleeve (the coaxial
system), and a smaller, paracentesis incision to introduce a
manipulator. You had to enlarge the incisions to 6.0 mm to insert
an IOL, and the wounds required suturing at the end of surgery.
In 1984, Thomas R. Mazzocco, M.D., introduced the first
foldable silicone IOL, affectionately called the Mazzocco Taco.2
The lens was inserted through a 3.2-mm incision. In 1991,
about the same time cataract surgeons began using topical
anesthesia, Michael McFarland, M.D., pioneered the idea of a
self-sealing 6.0-mm corneoscleral incision using intraocular
pressure. The IOP caused the internal flap of the incision to

Evolution of Micro-coaxial Phaco Systems
Five years ago, most surgeons inserted a phaco tip and silicone infusion sleeve through a 3.2-mm, temporal clear corneal
incision and made a separate 1.0-mm paracentesis incision to
insert a manipulator. These incisions were created with diamond blades or disposable metal keratomes. Many surgeons
created an initial, vertical partial-thickness groove to initiate the
incision. Because the diamond blades were sometimes too
sharp or dull, and the keratomes usually too dull, the incision’s
architecture and shelf lengths varied. Internal and external
shapes of the incisions weren’t linear with the metal keratomes
but were more curved or even irregular.
Over the last 5 years, the act of initiating an incision with a
S-3
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Figure 2.
The dye used for capsular staining (shown here) also has stained the
2.4 mm x 1.7 mm incision. External and internal edges are linear and parallel.
External entry is on the conjunctival side of the limbus, which creates a small
amount of bleeding but also should cause less postoperative irritation.

Figure 1.
Bimanual instruments complete an initial chop of the lens. (Image
courtesy of I. Howard Fine, M.D.)

vertical partial-thickness groove declined in popularity. And the
incision width used in the coaxial system decreased to less than
3.2 mm. The metal keratomes are sharper now, and due to the
refinement of blade architecture, the shape of the internal and
external incision edges has improved dramatically. The most
commonly used phaco tips feature an external shaft diameter of
0.9 mm for the 2.2-mm and 2.4-mm incisions. The tips are
paired with a thinner but less collapsible infusion sleeve
designed for an increased and more stable BSS (balanced salt
solution) flow. Currently, the most popular phaco tips are straight
or angled 24 degrees. They’re flared at the end and programmed to oscillate in a longitudinal or torsional fashion to
create emulsate by maintaining contact with nuclear fragments
while minimizing shaft movement within the incisions. When
these components are used in a serial fashion, they become
what’s defined as an integrated system, meaning the use of one
component influences the application and performance of the
subsequent components.

Benefits to Patients, Surgeons
Numerous studies are under way to measure improvements in patient outcomes from the use of micro-coaxial systems, the MICS strategy and the latest instrumentation for each.
Research has shown that smaller, square-shaped incisions
(Figure ) 2
provide better stability and integrity and, as a consequence, should reduce the rate of post-op endophthalmitis.7
We do know that microincisions have reduced surgically
induced keratometric astigmatism.

Advantages Will Fuel the Trend
As more research findings become available, we’ll continue
to learn more about these benefits. And as new advances in
technology, IOL design and instrumentation are introduced, we’ll
continue to improve our surgical techniques and outcomes. In
the following articles, you’ll learn more about the advantages —
and limitations — of microincision surgery in greater detail as
they relate to wound integrity and patient outcomes. OM

MICS Strategy
Unlike integrated micro-coaxial phaco systems, the MICS
strategy enables surgeons to use various diamond knives and
phaco tips and all of the commercially available phaco machines.
The MICS system relies on two small incisions, measuring 1.1
mm internally and 1.3 mm externally — one for an unsleeved
phaco tip and the other for an irrigating chopper (Figure ).1
These incisions are made with trapezoid-shaped diamond
blades. Currently, surgeons have to enlarge one of the incisions
or, most often, create a third one in between them to implant an
IOL, because an ultra thin optic isn’t yet available. Because of
this, the MICS system isn’t as popular as micro-coaxial phaco.
However, some surgeons who are interested in refining the MICS
technique and who want to be ready for the introduction of an
ultra thin IOL are using it exclusively.
S-4
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By Christopher S. Boehlke, M.D.,
and Terry Kim, M.D.

Building a Case for Microincision
Cataract Surgery
Learn about the pros and cons of micro phaco and the latest histopathologic
and ultrastructural data on incision size and wound integrity.
Today, most ophthalmologists are creating clear corneal
incisions that are 2.75 mm to 3.00 mm in width for routine
cataract removal and IOL implantation. However, some surgeons are creating even smaller incisions, using the microincision cataract surgery (MICS) strategy (also known as the
bimanual approach) or the micro-coaxial phacoemulsification system. The rationale behind this shift is that the
smaller the incision, the lower the risk of complications.
This article will discuss the advantages and limitations
of the MICS strategy and the micro-coaxial system and the
latest gross, histopathologic and scanning electron microscopic data that compare incision size and its impact on
wound architecture and integrity.

cal technique, physicians will have to enlarge an existing
incision or create a third incision to implant the IOL. The low
flow rates from the small irrigating tips placed through these
incisions may compromise anterior chamber stability. If this
occurs, high vacuum levels and post-occlusion surge potentially can threaten the safety of the procedure. In addition,
the sleeveless phaco tip can overheat, thereby raising the
risk of thermal damage to the cornea. Studies show that
despite the smaller size of bimanual microincisions, there
can be a paradoxically greater risk for wound leakage.2–4

Micro-coaxial Phaco
Micro-coaxial phaco is performed through one 2.2-mm
incision, using standard techniques familiar to most cataract
surgeons (Figure 1). The incision is large enough to
accommodate the size of a phaco tip covered with a specially designed sleeve, which provides sufficient irrigation to
maintain anterior chamber stability and offers added thermal
protection. You can inject standard IOLs without enlarging the
wound. However, the challenges of performing this technique
are similar to those in standard coaxial phaco, such as difficulty removing subincisional cortex and nuclear fragments.

Bimanual Approach
Surgeons who perform bimanual phaco create two
1.2-mm incisions: one to insert an irrigation handpiece and the
other to introduce a sleeveless phaco tip to remove the cataract.
Because you can separate the irrigation and aspiration components and have the ability to interchange these instruments
through the two incisions, you have more flexibility when
removing nuclear fragments or subincisional cortex. In addition,
you can keep the irrigation handpiece stationary and reduce the
risk of pushing nuclear fragments away from the phaco tip. The
sleeveless phaco tip is used in pulse mode to decrease the risk
of inflammation, endothelial cell damage and thermal injury. In
addition to these advantages, microincisions further reduce surgically induced astigmatism. Theoretically, they promote faster
wound healing and reduce wound leakage and the subsequent
risk of endophthalmitis.1
However, smaller isn’t necessarily better. In the United
States, there are no IOLs small enough to fit through 1.2-mm
incisions. Until lens technology catches up to current surgi-

Ongoing Research
To investigate the integrity and ultrastructure of different microincision sizes used in micro-coaxial and bimanual
phaco, my colleagues and I performed an ex vivo study2 on
cadaveric human eyes undergoing simulated longitudinal
phaco with standard ultrasound settings. We evaluated
each incision size with gross, histopathologic and scanning
electron microscopic (SEM) analysis to assess wound leakage, penetration of India ink into the anterior chamber and
ultrastructural damage to the cornea.
S-5
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are mechanical stress due to the oarlocking of instruments
in tight incisions, and increased wound temperature due to
the use of a sleeveless phaco tip. Mechanical wound stress
was evident in our SEM study, leading to qualitatively
greater endothelial cell loss and trauma to Descemet’s
membrane. Phaco tip occlusion can lead to rapid increases
in temperature that are transmitted directly to the cornea.8,9
In bimanual phaco, the sleeveless tip is cooled by spontaneous wound leakage. However, it’s evident that excessive
leakage can lead not only to anterior chamber instability,
but also to bacterial infiltration into the eye, and as a consequence — endophthalmitis.

Figure 1.
A surgeon uses micro-coaxial phaco with torsional ultrasound
through a 2.2-mm temporal clear corneal incision.

We randomized 15 eyes (five in each group) to receive a
2.8-mm coaxial incision, a 2.2-mm coaxial microincision or
two 1.2-mm bimanual incisions. Spontaneous wound leakage occurred in all eyes receiving 1.2-mm incisions in the
bimanual phaco group, in one eye in the standard 2.8-mm
coaxial arm, and in no eyes in the 2.2-mm micro-coaxial
phaco group. Of the eyes that underwent histopathologic
evaluation, we found that India ink penetrated the anterior
chamber and the full-thickness corneal wound in two eyes
that received bimanual phaco. No India ink was evident in
the eyes that received standard or micro-coaxial phaco.
Moreover, we found whitening and edema of the wound
edge, consistent with wound burn, in 4 of 5 eyes receiving
1.2-mm microincisions, but in none of the eyes in the standard or micro-coaxial phaco groups. Finally, our SEM evaluation found qualitatively greater endothelial cell loss and
damage to Descemet’s membrane in eyes that received
1.2-mm microincisions in the bimanual treatment arm than
those in the standard or micro-coaxial phaco group.
Our study suggests that wound architecture and integrity following micro-coaxial phaco may be superior to that
following bimanual phaco. The eyes that underwent microcoaxial phaco showed no signs of spontaneous wound
leakage, no penetration of India ink particles into the anterior chamber, less wound hydration and no evidence of
thermal corneal injury.

Treading Lightly
Despite these limitations, the trend toward microincision
cataract surgery likely will continue. Theoretically, smaller
incisions have their advantages, one of which is the reduction of surgically induced astigmatism, which you’ll learn
more about in the next article. However, further clinical
research is needed to compare bimanual with micro-coaxial phaco techniques to determine the clinical significance of
our ex vivo study findings. Meanwhile, micro-coaxial phaco
through a 2.2-mm incision will allow physicians to use the
surgical techniques they’re accustomed to without compromising wound architecture and integrity. OM
Terry Kim, M.D., is associate professor of ophthalmology, Duke University School
of Medicine, Durham, N.C. Christopher S. Boehlke, M.D., is a clinical fellow in
cornea and refractive surgery at Duke University Eye Center, Durham, N.C.
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Rate of Endophthalmitis
Recent studies4–7 that show increased rates of endophthalmitis in clear corneal cataract surgeries suggest that
poor wound apposition and integrity are potential contributing factors. While smaller incisions should self-seal more
effectively, maintaining wound morphology and integrity is
essential to limiting wound leakage. Two factors that contribute to poor wound architecture during bimanual phaco
S-6
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By Samuel Masket, M.D.

Unlocking the Key to Fewer Complications
In Microincision Surgery
Learning proper wound construction will lead to better patient outcomes.
external pressure of 525 pounds per square inch (psi), compared to rectangular wounds (3.2 mm x 2.0 mm), which
leaked at 13 psi.

If you’re like most cataract surgeons, you’re either performing microincision cataract surgery or you’re thinking
about adding it to your practice. Research suggests that
microincision surgery may reduce the risk of infection and
other complications and improve patient outcomes.
In this article, I’ll discuss two complications associated
with cataract surgery and how proper wound architecture can
play an integral role in reducing the risk of those complications. I’ll also review the latest data on how microincisions further decrease surgically induced keratometric astigmatism.

Testing Square Construction
To determine the efficacy of square wound construction,
my colleagues and I7 evaluated the stability of square and
nearly square temporal clear corneal incisions once we confirmed intraoperatively that the wounds were tightly sealed
and determined IOP measurements 2 and 6 hours following
surgery. We conducted a retrospective chart review of 50
patients who received 2.2-mm clear corneal incisions and 10
patients who received nearly square 3.0-mm incisions.
In our 2.2-mm subset, we created a paracentesis, followed by a partial thickness groove (200 µm) in the clear
cornea at the temporal limbus to avoid irregularities at the
wound entrance. We constructed a 2.2-mm incision with an
approximate square configuration (2.2 mm x 2.2 mm),
using a diamond blade. In the 3.0-mm group, we used a
metal keratome to create a clear corneal wound that had a
shelf length of 2.5 mm, a nearly square incision. In both
groups, we hydrated the corneal wound with balanced salt
solution (BSS). We hydrated the roof and the sides of the
incision with great care. After removing the ophthalmic viscosurgical device, we reformed the anterior chamber using
BSS through the paracentesis, aiming for a slightly high IOP
to ensure apposition of the internal wound lips.

Confronting Endophthalmitis
One of the most serious complications of sutureless, temporal clear corneal incisions is bacterial endophthalmitis.1,2
Bacteria on eyelids and lashes raise the risk of infection
because of their close proximity to the incision site. Wounds
that are unstable and leak in the immediate postoperative
period may create a negative pressure gradient and establish
a pathway for bacteria to enter the anterior chamber.3
Hypotony following surgery is the other complication that
may be more common than we realize. A study by Shingleton
and colleagues4 showed that hypotony can result from the
use of unsutured 3.0-mm clear corneal incisions. A total of
20.5% of eyes studied had dangerously low IOPs (5 mm Hg
or less) 30 minutes after cataract extraction. Other studies
also have linked cataract incisions to hypotonous eyes.5

Prevent Hypotony
End Results

One way to avoid postoperative hypotony is to create a
stable wound. In a study of cadaver eyes6, Ernest and colleagues demonstrated that you can achieve stability by creating square cataract incisions, which were found to be more
stable than rectangular wounds. The study showed that
square incisions (3.2 mm x 3.2 mm) were stable up to an

The mean post-op IOP in patients who received
2.2-mm square incisions was 19.2 mm Hg ± 4.9 (SD), and
16.6 ± 5.2 mm Hg (SD) in those who received the nearly
square 3.0-mm incisions. Seidel testing was negative in all
cases at the same-day post-op visit. No patients had a shalS-7
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astigmatism in the 2.2-mm micro-coaxial
group compared with the 3.0-mm clear
Incision Size
2.22 mm
3.0 mm
p-value
corneal incision arm. Of particular interest
(student t test)
was the aggregate vector analysis, which
demonstrated a larger variation of results
Algebraic Method 0.10D
0.32D
0.0002
SD 0.08
SD 0.20
around the 3.0-mm incision group than that of
the 2.2-mm incision arm, indicating that largVector Method
0.35D
0.67D
0.006
er incisions induced greater amounts of astigSD 0.21
SD 0.48
matism (Figure ).1We know from research
low anterior chamber post-op, and there was no evidence of
that short, shallow, peripheral corneal incisions have a neghypotony at any time after surgery. In addition, no patient
ligible effect on astigmatic change.10 Therefore, the precut
groove in the 2.2-mm incisions has no bearing on these
developed an infection during the post-op period. Based on
results, confirming that larger incision width induces greater
our results, we can conclude that tightly sealed square or
amounts of astigmatism.
nearly square clear corneal microincisions were stable postoperatively, as demonstrated by the absence of hypotony
Make the Transition
and wound leakage.
Before you adopt microincision surgery, you’ll want to
Managing Post-op Astigmatism
determine which method is best for you. The transition won’t
Besides reducing the risk of wound leakage and
require as significant a change in technique and procedure as
hypotony, a stable clear corneal wound helps reduce the risk
you might expect. Based on my research, I’ve begun using
of surgically induced keratometric astigmatism. The wound
micro-coaxial phaco in every cataract surgery I perform
architecture decreases the potential for IOP fluctuations,
because it may reduce the risk for complications and infecthereby reducing changes in corneal curvature.
tion and promote better visual outcomes for patients. OM
Other factors are involved as well. Because of the relaxSamuel Masket, M.D., is in private practice in Century City, Calif. He’s clinical
ing effect of unsutured temporal clear corneal incisions at the
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180-degree meridion, a with-the-rule change in astigmatism
8
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is created. The longer the incision, the greater the effects.
To determine the role that wound size plays in reducing
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Post-op Astigmatism Findings
After analyzing our results, we discovered a clinically
and statistically significant reduction in surgically induced
S-8
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Understanding the Impact of Wound Architecture
In Cataract Surgery
Please select the single best answer and indicate your choice on the Evaluation Form on the next page.
1. Five years ago, most surgeons inserted a phaco tip and silicone sleeve
through a 3.2-mm, temporal clear corneal incision and made a separate
paracentesis incision of what length to insert a manipulator?
a. 1.0 mm
b. 2.0 mm
c. 2.2 mm
d. 2.4 mm

5. In an ex vivo study by Berdahl and colleagues on cadaveric human eyes, a
scanning electron microscopy evaluation found qualitatively greater
endothelial cell loss and damage to Descemet’s membrane in eyes that
received which type of incision?
a. 1.2-mm microincisions
b. 1.4-mm microincisions
c. 2.8-mm coaxial incisions
d. 2.2-mm coaxial microincisions

2. The microincision cataract surgery (MICS) system relies on two small
incisions, one measuring 1.1 mm internally and how many millimeters
externally?
a. 3.2 mm
b. 2.4 mm
c. 2.2 mm
d. 1.3 mm

6. According to a study by Shingleton and colleagues, which complication can
result from the use of unsutured 3.0-mm clear corneal incisions?
a. Endophthalmitis
b. Hypotony
c. Edema of the wound edge
d. Spontaneous wound leakage

3. Research has shown that smaller, square-shaped incisions provide better
stability and integrity and, as a consequence, should reduce the rate of which
postoperative complication?
a. Uveitis
b. Endophthalmitis
c. Iris prolapse
d. Hyperemia

7. A study by Ernest and colleagues showed that square incisions (3.2 mm x
3.2 mm) were stable up to an external pressure of how many pounds per
square inch?
a. 132 pounds
b. 354 pounds
c. 525 pounds
d. 732 pounds

4. The challenges of performing micro-coaxial phacoemulsification are similar to
those in standard coaxial phaco, such as difficulty removing subincisional cortex
and which of the following?
a. Creating a self-sealing wound
b. Preventing endothelial cell damage
c. Removing nuclear fragments
d. Avoiding thermal injury to the cornea

8. A study by Masket and colleagues found that tightly sealed square or nearly
square clear corneal microincisions were stable postoperatively, as
demonstrated by the absence of hypotony and which other complication?
a. Inflammation
b. Wound leakage
c. Anterior chamber instability
d. Endothelial cell damage
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To successfully complete this activity, you must read the entire publication, then complete and submit the Evaluation Form by
March 31, 2009. You must score at least 70% on the post-test to receive credit. Mail the completed Evaluation Form to: NACCME,
83 General Warren Blvd., Suite 100, Malvern, PA 19355 or fax it to (610) 560-0501. You also may complete this activity online at
visioncarecme.com. Certificates will be mailed within 8 weeks of receipt to those who successfully complete the post-test.
There is no fee to participate in this program.
Answers (Refer to questions on previous page.) Circle one letter for each answer.
1.

A

B

C

D

6.

A

B

C

D

2.

A

B

C

D

7.

A

B

C

D

3.

A

B

C

D

8.

A

B

C

D

4.

A

B

C

D

5.

A

B

C

D

NACCME respects and appreciates your opinions. To help us evaluate the effectiveness of this activity and better meet your future educational needs, please take a few minutes to complete this evaluation form. Please note: A certificate of completion is issued only upon
receipt of this form.
Evaluation (circle one)
Accuracy and timeliness of content
Relevance to your daily practice
Impact on your professional effectiveness
Relevance of the content to the learning objectives
Effectiveness of the teaching/learning methods

Excellent

Good

Satisfactory

Poor

4
4
4
4
4

3
3
3
3
3

2
2
2
2
2

1
1
1
1
1

Did this activity avoid commercial bias or influence?

YES

NO

YES

NO

2. Describe the rationale behind square wound architecture in cataract surgery?

YES

NO

3. Explain the advantages and disadvantages of the MICS strategy and micro-coaxial system?

YES

NO

YES

NO

Now that you have read this article, can you
1. Discuss the benefits of the micro-coaxial phacoemulsification system and the microincision cataract surgery
(MICS) strategy?

4. Discuss the gross histopathologic, tomographic and scanning microscopic findings associated
with micro-coaxial and bimanual incisions?
What questions do you still have?
________________________________________________________________________________________________
________________________________________________________________________________________________
How will you use what you have learned from this activity? ______________________________________________________
Please print clearly:
Name

Degree

Organization/Institute

Department

Position/Title

Mailing Address for Certificate
City
Phone

State
Fax

ZIP

E-mail Address

