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Abstract

Background: Complete nuclear disassembly of superhard cataracts cannot always be achieved by phaco chop,
which is considered one of the best techniques for dealing with hard cataracts. We present a phaco chop-
progressive cracking technique to divide superhard cataracts completely.

Case presentation: We presented a case of cataract with over Grade V nucleus sclerosis and very low density of
corneal endothelial cell (812 cells/mm2). By performing the cataract surgery with our phaco chop-progressive
cracking technique, the corneal endothelial cells were well protected and the patient’s visual acuity was markedly
improved from finger counting at 40 cm to 20/200 the day after surgery without obvious corneal edema.

Conclusions: Although an initial learning curve was needed, this phaco chop-progressive cracking technique could
be of particular benefit to the superhard cataract, especially in patients with low density of corneal endothelial cells.
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Background
Phacoemulsification with intraocular lens implantation
has become the first line choice for most ophthalmolo-
gists in cataract removal procedures. However, phacoe-
mulsification of superhard cataracts remains a challenge
even to experienced surgeons due to the extra maneuver
and energy needed in such cases. Excessive cell loss in cor-
neal endothelium is of great concern [1]. The integrity of
the rhexis, posterior capsule, and zonules are often at high
risk of rupture. Many surgeons choose manual extracapsu-
lar cataract extraction (ECCE) for superhard brunescent or
black cataracts. Small-incision cataract surgery (SICS), also
called manual small-incision cataract surgery (MSICS), is
also a safe and cost-effective procedure for dense cataracts
[2]. However, faster visual recovery and lower risk of
subchoroidal expulsive hemorrhage make endocapsular

phacoemulsification advantageous over manual cataract
surgery, especially in monocular cases.
The biggest challenge for the surgeon in superhard cata-

ract is to completely divide the nucleus without impairing
the other intraocular tissues. The phaco-chop technique
introduced by Nagahara K et al. has become popular in
dense cataract management, due to its high efficiency and
little stress on capsule bag and zonules [3]. It enables
appropriate and safe division of hard nucleus in most
cases. In superhard cataracts with leathery posterior
plates, however, the regular phaco chop technique often
proves inadequate. Despite various modifications of the
phaco chop technique [3] and divide-and-conquer tech-
nique [4], high chances of intraoperative complications
still hinder many surgeons from performing phacoemulsi-
fication in superhard cataracts.
The progressive cracking technique presented here is a

safe, effective and efficient way to disassemble dense and
even leathery cataracts completely with minimal risk to the
anterior and/or posterior capsule, zonules and endothelium.

Case presentation
A 76-year-old female came to our clinic in January 2016
complaining of vision deterioration in both eyes for 2

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

* Correspondence: zye@mail.eye.ac.cn
Presented at the 30th annual meeting of the Asia-Pacific Association of
Cataract & Refractive Surgeons, Hangzhou, China, June 2017.
1School of Optometry and Ophthalmology and Eye Hospital, Wenzhou
Medical University, 270 West Xueyuan Road, Wenzhou 325027, Zhejiang,
China
2Key Laboratory of Vision Science, Ministry of Health People’s Republic of
China, Wenzhou, Zhejiang, China

Zhao et al. Eye and Vision            (2019) 6:35 
https://doi.org/10.1186/s40662-019-0163-0

http://crossmark.crossref.org/dialog/?doi=10.1186/s40662-019-0163-0&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:zye@mail.eye.ac.cn


years. The corrected distance visual acuity (CDVA) was
finger counting at 40 cm in the right eye and 20/200 in
the left eye, which presented over Grade V nucleus
sclerosis in both eyes [5]. The axial length was 29.60 mm
in the right eye and 30.70 mm in the left eye. The visual
acuity measured by a Retinal Acuity Meter (RAM) was
20/200 in the right eye. The corneal endothelial cell
density was 812 cells/mm2 in the right eye and 748
cells/mm2 in the left eye counted automatically, using
noncontact specular microscopy (KONAN).
Cataract surgery was performed in the right eye. Oph-

thalmic viscosurgical device (OVD) was used to protect
corneal endothelium [6]. The OVD (VISCOAT: sodium
chondroitin sulfate 40 mg/ml + sodium hyaluronate 30
mg/ml, and PROVISC: sodium hyaluronate 10 mg/ml,
Alcon Laboratories, Inc.) was injected into the anterior
chamber. Viscoat was injected before Provisc. The hard
nucleus was divided by the progressive cracking tech-
nique and emulsified, followed by irrigation/aspiration
and a single-piece Akeros MI60 intraocular lens (IOL)
(Bausch & Lomb, Inc.) was implanted uneventfully.

Surgical technique
Surgery starts with a 2.2 mm clear corneal incision under
topical anesthesia at 11 o’clock. A side port is created at
3 o’clock, followed by a continuous curvilinear capsular-
hexis (CCC) and hydrodissection to achieve complete
cleavage of cortex from the capsule. The size of the CCC
is between 5.5 mm to 6.0 mm. The phaco probe is intro-
duced into anterior chamber through the clear corneal
incision. We prefer having the phaco tip bevel down fa-
cing the nucleus.
Step 1: The phaco tip was embedded into the nucleus

with preset maximal energy. The entering site of the
phaco tip was slightly axial to the rhexis, so the end of
the tip will reach the very center of the nucleus, which is
usually considered the densest part. It was important to
have sufficient exposure of the phaco tip from the sleeve.
In our experience, the phaco tip is usually exposed about

1 mm for dense cataracts. Complete burying of the ex-
posed phaco tip enabled firm holdability of the nucleus,
which is crucial for the following chopping. Given the
thickness of the dense cataract, this maneuver was per-
fectly safe (Fig. 1).
Step 2: The chopper was introduced through the side

port, parallel to the anterior capsule, and placed close to
equator underneath the rhexis. With the phaco tip hold-
ing the nucleus, the chopper was pulled towards the
phaco tip to create an initial crack (Fig. 2).
Step 3: It is important to realize that a complete chop

is not mandatory. With an incomplete chop of the nu-
cleus in the inferior part of the nucleus, the nucleus pre-
sents left and right halves, usually with the superior
parts still connected. The phaco tip was introduced into
the right hemisphere from the wall of the crack. Once
the vacuum reaches the maximal setting, which meant
that the stable holding force is available, the surgeon
slightly lifted the nucleus anteriorly. This ensured that
the next part of procedure took place away from the
posterior capsule, especially in cases when there is no
cortex to act as cushion around the nucleus. The sur-
geon moved the chopper from distal to proximal along
the existing crack, and extended the crack till it was
complete across the whole lens. This was a progressive
cracking process, which showed no overly aggressive
movements. In most superhard cataract cases, the subin-
cisional parts of the two halves may still be connected.
The surgeon will then rotate the nucleus 180 degrees,
and repeat the horizontal phaco chop-progressive crack-
ing till a complete chop and crack was made.
In the super dense lens, the posterior leathery strands

connecting the two halves are common. In such cir-
cumstances, the surgeon injects some dispersive OVD
underneath the nucleus and placed the chopper at the
bottom of the crack, and cut across the strands up-
wards (Fig. 3a, b, c & d).
Once the lens was divided into two halves, the surgeon

continued the phaco chop to separate the big fragments

Fig. 1 Schematic diagram of step 1. (a) A screenshot to show the procedure that the entry point for a phaco tip is slightly axial to the rhexis and
the phaco tip extended into and towards the very center of the nucleus with preset maximal energy. (b & c) Drawings of front side and
lateral side
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into smaller fragments like in regular cases. When
needed, we employed the same strategy, phaco chop-
progressive cracking in the disassembly.
Step 4: When emulsifying the wedge-shaped frag-

ments, the surgeon kept the bevel of phaco tip facing
the sharp apex, using the chopper to stabilize the frag-
ment. This prevented the sharp edges from rupturing
the capsule (Fig. 4).
The Alcon Centurion Vision System was used with the

preset parameters as follow: Torsional ultrasound energy
30–60%, vacuum of 450 mmHg (with intelligent phaco
setting: when vacuum approaches 450 mmHg, longitu-
dinal ultrasound initiates), aspiration flow rate of 45 cc/
min, bottle height of 90 cm from the patient’s eye level,

cumulative dissipated energy (CDE) of 21.70, total ultra-
sonic time of 89 s, estimated fluid usage of 67 ml.
The CDVA was improved to 20/200 in the right eye

the second day after surgery. No corneal edema was
seen. The noncontact specular microscopy reported
1021 endothelial cells per square millimeter in the right
eye 1 week after surgery. This increased density of endo-
thelial cells might due to the artifact that different re-
gions were measured.

Discussion and conclusions
Dense cataracts often present with a stubborn leathery
posterior plate, which leads to excessive maneuver, pro-
longed surgical time, and increased phaco energy

Fig. 2 Schematic diagram of step 2. (a) A screenshot to show the procedure that an initial crack was created when the chopper was pulled
towards the phaco tip with the phaco tip holding the nucleus. (b & c) Drawings of front and lateral side, respectively

Fig. 3 Schematic diagram of step 3. Once the vacuum reaches the maximal setting, the surgeon slightly lifts the nucleus anteriorly (a) The
surgeon moved the chopper from the distal position to the proximal position along the existing crack, and extended the crack till it was
complete across the whole lens. In super dense lens, the surgeon placed the chopper at the bottom of the crack, and cut across the strands
upwards (b, c and d)
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consumption as well as more fluids getting in and out of
the eye. Many causes are believed to be related with the
endothelial cell loss [1]. The phaco energy used, the irri-
gation of the fluids, the tumbling of the small pieces of
lens materials, and the osmotic features of the irrigation
balanced salt solution are all considered relevant. An
effective, efficient and complete separation of the bulky
dense cataract into smaller fragments is of great import-
ance to reduce phaco energy consumption, surgical time
and irrigation volume. In this paper, we introduce a new
technique to achieve complete, safe, effective and effi-
cient nucleus disassembly.
We use phaco chop to create the initial crack of the lens,

then employ progressive cracking to completely separate
the nucleus. Compared with divide-and-conquer and
stop-and chop, there was less energy dissipated with
phaco chop technique. However in superhard cataract,
phaco chop alone was often insufficient to achieve
complete disassembly. With progressive cracking, the sur-
geon used the phaco tip to stabilize one half of the lens
from the initial chop and used a chopper to extend the
crack progressively. There was only minimal stress on the
capsule or the zonules as there was no aggressive move-
ment of the instruments.
With regular phaco chop technique, the leathery plate

often becomes leathery strands, keeping the hemispheres
connected posteriorly. In such circumstances, the sur-
geon placed the chopper at the bottom of the crack
without touching posterior capsule, and moved the
chopper forward to cut across the strands. Kamoi et al
[7] reported a forward-chop technique to manage the
leathery plate. In the forward-chop technique, the sur-
geon attempted phaco chop first, resulting in incomplete
separation due to the characteristics of the nucleus. The
surgeon then dislocated the right hemisphere anteriorly

till it was 50% above the rhexis plane, then a chopper
was placed behind the right hemisphere followed by
chopping anteriorly with the phaco tip holding the lens.
With forward chop, the surgeon needed to perform a
large rhexis (around 6mm in diameter) to ensure the
anterior dislocation of the lens. It was different from the
forward-chop technique that we hold the lens with max-
imal vacuum, when the phaco tip was embedded into
the right hemisphere, and divided the nucleus without
anterior dislocation of the lens.
Vasavada et al reported a multilevel chop technique for

phacoemulsification in dense cataracts [8]. With the
multilevel chop technique, the surgeon achieved complete
separation by repositioning the chopper as well as the site
of occlusion with the probe at multiple planes. It can be
used in both horizontal and vertical chop techniques. In
our technique, we did not repeat embedding the phaco tip
in multiple levels. The progressive cracking and multilevel
chop share one common feature, which is that the sur-
geon can achieve complete separation of dense nucleus by
a progressive approach without delivering too much stress
on the capsule or zonules. This is particularly important
in eyes that are more susceptible to capsular rupture or
zonular dehiscence.
Thanks to Kamoi et al’s forward-chop technique [7]

and Vasavada et al’s multilevel chop technique [8], we
built and improved our progressive cracking technique
inspired by their techniques.
It is also important to use high quality dispersive OVD

to coat and protect the endothelium. The surgeon re-
applied the dispersive OVD when the surgical time was
long and the OVD coated on the endothelium might be
removed due to long time irrigation. The dispersive
OVD was also used as cushion around the nucleus in
hypermature cataract cases, in which the cortex was li-
quefied while the lens was very dense. In this case, the
patient had a very low density of corneal endothelial
cells and dense cataract, so we employed dispersive
OVD and progressive cracking technique to protect the
endothelium. As a result, it is an effective way to delay
endothelial keratoplasty, which is meaningful to coun-
tries with shortage of donated corneas. The patient’s
postoperative visual acuity was not good because of
retinal atrophy caused by pathologic myopia.
The following should be considered carefully when

employing the progressive cracking technique [6]. A thor-
ough hydrodissection is important in this technique. Cortical
cleaving hydrodissection in multiple quadrants may make
rotation easier [9]. However in cases with weak zonules, the
surgeon needs to be very gentle when rotating the lens.
Artificial cushion with a quality dispersive OVD helps to
protect capsular bag, especially the posterior capsule, when
managing hypermature dense cataract that has no or very
little cortex, or in the cases where the cortex is liquefied.

Fig. 4 Schematic diagram of step 4. When emulsifying the wedge-
shaped fragments, the surgeon kept the bevel of phaco tip facing
the sharp apex, using the chopper to stabilize the fragment
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In conclusion, the progressive cracking technique
might reduce the risk of many common intraoperative
complications such as endothelial cell loss, posterior
capsule rupture and zonular dialysis. Despite there being
a learning curve in the beginning, it provides safe, effect-
ive and efficient phacoemulsification in patients with
superhard cataracts.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s40662-019-0163-0.

Additional file 1: Video S1. Progressive cracking technique in a
superhard cataract extraction.
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