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Abstract:

Introduction:

Methods:

divided with a phaco chopper or in the usual manner.

Conclusion:

Phacoemulsification of rock-hard cataracts is challenging because the leathery epinucleus at the posterior plate often found in such cataracts tends
to prevent smooth dissection of the nucleus. We devised an Epinucleus scraping technique to overcome this problem.

The epinucleus is initially stripped of the hard endonucleus using a new instrument. The isolated endonucleus can then be readily chopped and

Phacoemulsification of rock-hard cataracts can be carried out safely and easily with epinucleus scraping technique.

.
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1. INTRODUCTION

Phacoemulsification of rock-hard cataracts is challenging
because the dissection of these cataracts is often very difficult,
and the sharp edges of hard nuclear fragments can easily
damage the posterior capsule or corneal endothelium during
surgery. To effectively remove rock-hard cataracts, we need to
consider factors related to phacoemulsification, including the
ultrasound mode, fluidics, and vacuum system, as well as the
surgical technique.

Performing safe and effective phacoemulsification of rock-
hard cataracts with the conventional chopping technique
remains a challenge for the following reasons. First, a leathery
epinucleus at the posterior plate is often found in patients with
rock-hard cataracts. This tends to hinder smooth dissection of
the nucleus, since chopped fragments often retain posterior
bridging strands that keep nuclear fragments attached to each
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other [1]. Second, even after successful dissection, the sharp
edges of hard nuclear fragments may contact the thin weak
posterior capsule and rupture it during procedures like rotation.
Third, the corneal endothelium can be damaged by
uncontrolled hard nuclear fragments. Techniques for dividing
rock-hard cataracts described in the literature, such as
‘decrease and conquer’ or ‘phaco forward-chop’, do not
overcome these problems [2 - 4].

Therefore, we devised the epinucleus scraping method and
developed an epinucleus scraper for the safer division of rock-
hard cataracts. The lens is structurally composed of radiating
fibers, and multiple layers form rings surrounding the central
nucleus (Fig. 1). The phaco chop method utilizes the radiating
fiber structure when dissecting the nucleus. On the other hand,
our epinucleus scraping method utilizes the annular layer
structure surrounding the central nucleus, and we developed an
epinucleus scraper to facilitate separation of the layers. The
small, thin and round tip of the instrument enables simple
insertion between layers and easy dissociation (Fig. 2). After
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the epinucleus is stripped off the hard endonucleus using the
epinucleus scraper, the isolated endonucleus can be readily
chopped and divided with a phaco chopper or in the usual
manner, after which phacoemulsification can be carried out
safely and easily.

Structure of lens

Structure of lens

Structure of lens

Fig. (1). The lens is composed of radial fibers (A: anterior view, B:
lateral view) and multiple layers surround the central nucleus
resembling rings (C: lateral view).

Fig. (2). Epinucleus scraper: A novel instrument developed in order to
facilitate separation of the layers of the lens. The small and thin tip of
the instrument enables simple insertion and easy dissociation of layers.

2. MATERIALS AND METHODS

Surgery is commenced by making a temporal clear corneal
incision with a 3.0 mm slit knife (MANI® Ophthalmic Knife)
under topical anesthesia with 4% lidocaine hydrochloride
ophthalmic solution. A side-port incision is made on the
superior side in the right eye and the inferior side in the left eye
with a 30.0 degrees straight knife (MANI" Ophthalmic Knife).
When the cataract is white with a hard nucleus, the anterior
capsule must be visualized using trypan blue staining [5]. After
washing out excess trypan blue with irrigation and aspiration,
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the anterior chamber is filled with an ophthalmic viscosurgical
device (1.0% hyaluronate sodium, Opegan-Hi"). The anterior
capsule is then opened by continuous curvilinear capsulorhexis
[6] wusing forceps, and hydrodissection is performed
meticulously to avoid the Capsular Block Syndrome (CBS).

Fig. (3). Photographs and diagram of the epinucleus scraping
technique. The epinucleus scraper is inserted between the central
nucleus and epinucleus (A) and is used to scrape the surface of the
epinucleus in the equatorial direction (B).
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Fig. (4). After circumferential separation of the epinucleus is
completed, the equatorial portion of the hard endonucleus can be
clearly recognized.

Using the Infinity Vision System (Alcon, Inc. Tokyo,
Japan), a bevel down 30-degree straight tip is driven into the
lens and kept in position to stabilize the lens. Using the other
hand, the epinucleus scraper is introduced from the side port at
45 degrees to the main incision, and its tip is inserted between
the central nucleus and epinucleus to scrape the surface of the
epinucleus in the equatorial direction, thus separating the
epinucleus from the central nucleus (Fig. 3). This procedure is
performed repeatedly while the nucleus is rotated 360 degrees,
and 30-60 degrees can be scraped each time. After treating the
lens for 360 degrees, the tip of the epinucleus scraper is
inserted deeper into the lens on the second round, and the same
procedure is repeated. The procedure is repeated further until
all layers of the epinucleus have been stripped off the hard
endonucleus. After this has been achieved, the equatorial
portion of the endonucleus can be clearly recognized (Fig. 4).
As the endonucleus becomes harder, the epinuclear layer that
can be stripped in one round become thinner and the procedure
has to be repeated more often. If the endonucleus is very dense,
6 or 7 rounds may be needed. Complete separation of the
endonucleus and epinucleus is hard to achieve by this
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procedure and is not necessary, especially in the posterior
portion. As long as the epinucleus is separated from the
endonucleus around the equator by the scraper, we can proceed
with completing their separation. Phacoemulsification of the
isolated endonucleus is then carried out in the usual manner.
After the hard endonucleus has been removed, the epinucleus
can be clearly seen protecting the capsule (Fig. 5).
Subsequently, the epinucleus is aspirated from the central area
toward the periphery.

Phacoemulsification is followed by irrigation and
aspiration of the cortex, insertion of an ophthalmic
viscosurgical device (1.0% hyaluronate sodium, Opegan-Hi"),
and insertion of a posterior chamber Intraocular Lens (IOL)
inside the bag. After the IOL is positioned in the capsular bag,
the ophthalmic viscosurgical device is removed. At the end of
surgery, the anterior chamber is reformed by hydrating the
incision borders with 0.184 mg/ml oxiglutatione (Opeguard
neokit").

Fig. (5). After the hard endonucleus is removed, the epinucleus can be
seen protecting the capsule like a shell.

3. RESULTS

We performed the epinucleus scraping method on 9
patients with rock-hard cataracts from January 2014 to October
2019, with no complications such as a ruptured posterior
capsule or bullous keratopathy after surgery. Thus, the
epinucleus scraping method achieves safe phacoemulsification.

4. DISCUSSION

Anatomically, the human lens consists of 3 distinct
structures: the capsule, the cortex, and the nucleus. These
structures form a mass composed of a number of lamellar
zones. The fetal nucleus is the most centrally located structure,
and it becomes a harder central nucleus as new fibers are laid
down over time. The new fibers join each other radially and
form a Y-shaped line anteriorly and posteriorly [7, 8].
Conventional nucleofractis techniques were developed to crack
the lens along the radial plane where the fibers join. The
conventional technique is useful for managing moderate
nuclear cataracts. However, in some patients with dense
brunescent cataracts, especially rock-hard cataracts, a complete
nuclear division is not easy using conventional techniques
because the radial plane of the cataract develops strong
adhesions around the posterior epinucleus [7, 9], which means
that nuclear fragments remain attached to each other. When the
nucleofractis technique is performed for a rock-hard nucleus,
complete division of the nucleus is essential for an efficient and
safe operation, while incomplete fragmentation may lead to
undesirable outcomes.
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Our epinucleus scraping technique involves the
circumferential separation of the epinucleus from the
endonucleus utilizing the lamellar structure of layers
surrounding the central nucleus. After the hard endonucleus
has been separated from the leathery posterior plate and
reduced in size, it can be dissected relatively easily.
Meanwhile, the separated epinucleus acts like a protective shell
that guards the posterior capsule against the sharp edges of the
nucleus and avoids capsular rupture. If there are weak zonules
and anterior vitreous detachment following Wieger ligament
rupture, which means that the posterior capsule tends to rise up,
the separated epinucleus holds the posterior capsule down and
enables safe phacoemulsification.

The epinucleus with a leathery posterior plate may
sometimes be tough and highly viscous, making dissection or
phacoemulsification difficult. However, it has been separated
from the hard endonucleus and is smaller in size, so dissection
is much easier than dissecting an intact rock-hard cataract.
Dissection of the epinucleus may be performed by bimanual
tearing using a phaco chopper and ultrasound tip, or by cutting
it into pieces with surgical scissors inside the anterior chamber
or in the bag.

This paper has only a few cases over a five year period,
presented by a single surgeon. The paper is written in a
proprietary manner, more or less to emphasize the new
instrument as well as a particular surgeon’s technique. There is
a lack of institutional oversight as well.

CONCLUSION

We devised the epinucleus scraping method and developed
an epinucleus scraper for the safer division of rock-hard
cataracts. Our method has three advantages over standard
phacoemulsification for rock-hard cataracts. First, it facilitates
the handling of the posterior leathery plate and rock-hard
central nucleus. Second, it protects the posterior capsule and
avoids rupture by sharp nuclear fragments. Third, the
endothelium is protected from damage by nuclear fragments.
By adopting this technique, better surgical outcomes can be
expected in patients with rock-hard cataracts. However, as this
is a new instrument, further evaluation by other cataract
surgeons is required.
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