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Background: Phacoemulsification had been made efficient by hydrodissection, nucleus rotation, chopping, and using high vacuum to 
aspirate lens fragments under high hydrostatic pressure. Yet hydrodissection might be incomplete with the lens nucleus resisting 
rotation. Further vigorous hydrodissection might rupture the posterior capsule and forceful nuclear rotation might cause zonular 
dialysis. Encountered with such conditions, we present a case using an in situ serial trident chop technique and hydrodelineation 
independent of complete hydrodissection and nucleus rotation to avoid related complications.
Case Presentation: A 61-year-old male patient with grade II nuclear opalescence received phacoemulsification from the author. 
Incomplete hydrodissection, inadvertent hydrodelineation and difficult nuclear rotation were noted during operation. The author turned 
to in situ serial trident chop without nuclear rotation under low intraocular pressure (IOP), which was done by dividing the nucleus into 
four fragments through three serial in situ horizontal chops in the 12 o’clock, 3 o’clock, and 10 o’clock directions, then the fragments 
were picked to the phaco tip by nucleus manipulator instead of high vacuum produced by phaco tip to reduce the hydrostatic pressure 
needed for keeping the safe depth of the anterior chamber. The resultant four small nuclear fragments were readily emulsified under 
a stable anterior chamber with an IOP of 20–28 mmHg and cumulative dissipated energy of 3.28. The eye’s central corneal thickness 
increased from 522 μm before the operation to 540 μm on the following day.
Conclusion: Phacoemulsification could be accomplished by in situ serial trident chop under low IOP and hydrodelineation without 
complete hydrodissection or nuclear rotation for grade II nuclear opalescence, although further investigation is needed to confirm its 
safety and efficacy.
Keywords: chop in situ, low intraocular pressure, phacoemulsification, trident chop, without rotation

Introduction
Phacoemulsification had been made efficient by hydrodissection, rotating nucleus, chopping, and using high vacuum to 
aspirate lens fragments under high hydrostatic pressure. Yet in cases of brunescent cataract or posterior polar cataract, 
vigorous cortical cleaving hydrodissection might rupture the posterior capsule.1 On the other hand, forceful nuclear 
rotation might cause zonular dialysis when the hydrodissection was not complete or in eyes with pseudoexfoliation 
syndrome2,3 or weak zonules, which are sometimes hard to anticipate.

During phacoemulsification, high hydrostatic pressure might increase intraocular pressure (IOP), significantly reduce 
ocular perfusion, damage the glaucomatous optic nerve, increase postoperative corneal edema, and induce more anterior 
segment inflammation.4,5

Encountered with scenarios of poor hydrodissection and difficulties in rotating nucleus, we present a case using an 
in situ serial trident chop technique and hydrodelineation without further vigorous hydrodissection, forceful nuclear 
rotation, or high hydrostatic pressure to prevent related complications.
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Case Presentation
A 61-year-old male Taiwanese patient with grade II senile cortical cataract and nuclear opalescence (Lens Opacities Classification 
System III) received phacoemulsification by the author. The eye’s preoperative corrected distant visual acuity (CDVA) was 20/40 
with central corneal thickness (CCT) of 522 mm, anterior chamber depth of 3.08 mm, and axial length of 22.81 mm. Under 
peribulbar anesthesia, a 1.2 mm limbal side port was made using a trapezoid knife, and a dispersive ophthalmic viscosurgical 
device (Viscoat) was injected to reform the anterior chamber. Then, a 2.4 mm temporal limbal incision was made using a diamond 
knife one-and-a-half clock hours away. After a 5.0 mm continuous curvilinear capsulorhexis was made, hydrodissection was 
performed by injecting around 0.1 mL balanced salt solution subcapsularly to the right and left, respectively, but no retrolenticular 
crossing wave was noted and the nucleus was hard to rotate. However, inadvertent hydrodelineation was made. Instead of more 
vigorous hydrodissection or forceful nuclear rotation, the author turned to in situ serial trident chop, which was done by first 
impaling the nucleus with the phaco tip (Active Sentry handpiece with Balanced Tip, Alcon Centurion gold) and burying it deep in 
the nucleus as a counterforce, passing the chopper (Akahoshi nucleus manipulator) under the distal edge of the capsulorhexis to 
a position below the lens equator, and then chopping through the nucleus until reaching the phaco tip (Figure 1A). The nucleus was 

Figure 1 In situ serial trident chop. (A) The first chop was made by impaling the nucleus with the phaco tip and burying it deep in the nucleus as a counterforce, passing the chopper 
(Akahoshi nucleus manipulator) under the distal edge of the anterior capsulorhexis to a position below the lens equator and chopping through the nucleus until reaching the phaco 
tip. (B) While the phaco tip was moved to the right, the chopper was moved to the left, thus the lens was divided in half. (C) The second chop was made by placing the phaco tip 
deep in the center of the first crack and passing the chopper under the capsulorhexis edge 90° to the right of the phaco tip and then chopping the right hemisphere apart until 
reaching the phaco tip. (D) The right hemisphere was divided into two quadrants by using the chopper to push the distal quadrant and the phaco tip to pull the proximal quadrant. 
(E) The third chop was made serially by passing the chopper under the capsulorhexis edge 60° to the left of the phaco tip and then chopping the left hemisphere apart until reaching 
the phaco tip. (F) The left hemisphere was divided into two fragments by using the chopper to push the distal lens fragment and the phaco tip to pull the proximal lens fragment.
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cracked into two hemispheres by moving the chopper to the left while moving the phaco tip to the right (Figure 1B).6 Fixation of 
the nucleus by high vacuum of the phaco tip was not used.7

The second chop was made by placing the phaco tip deep in the first crack as a counterforce and passing the chopper 
under the capsulorhexis edge 90° to the right of the phaco tip, and then chopping through the right heminucleus until 
reaching the phaco tip (Figure 1C) and cracking the right hemisphere into two quadrants (Figure 1D).7–9

The third chop was made in the same way but passing the chopper 60° to the left of the phaco tip (Figure 1E) and the 
left heminucleus was chopped and cracked into a smaller left distal fragment and a larger left proximal fragment 
(Figure 1F).

Immediately after the in situ serial three chopping and dividing, the chopper was sequentially inserted deep between the 
lens capsule and the rather small left distal lens fragment, which was easily picked up to the phaco tip in the pupillary center 
and was readily emulsified (Figure 2A). Engaging and pulling the lens fragments by high vacuum of the phaco tip was not 
used and the IOP was set at 20–28 mmHg. Then the other three bigger lens fragments were easily picked up and emulsified 
in the same way (Figure 2B–D). The lens fragments were chopped further against the phaco tip into smaller chips before 
emulsification to reduce the energy consumption and the cumulative dissipated energy was 3.28 (Video S1). On the 
postoperative first day the eye’s CCT was 540 μm with grading of anterior chamber flare and cells of +1 (Standardized 
Uveitis Nomenclature). On the postoperative sixth day the CCT subsided to 531 μm with CDVA improving to 20/25.

Figure 2 In situ serial trident chop. (A) The chopper was inserted deep between the lens capsule and the smaller left distal lens fragment, which was then picked up to the 
phaco tip in the pupillary center and was emulsified. (B) The right distal lens fragment was picked up and emulsified in the same way. (C) The chopper was used to push the 
right proximal lens fragment apart from the left one and was inserted deep between the lens capsule and the right proximal lens fragment, which was then picked up to the 
phaco tip and was emulsified. (D) The chopper was inserted between the lens capsule and the left proximal lens fragment, which was then picked up to the phaco tip and 
was emulsified.
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Discussion
Hydrodissection10 serves a prerequisite for safe nucleus rotation and helping its removal, but might rupture the posterior 
capsule, especially in older patients with long axial length, pseudoexfoliation syndrome1, and eyes with posterior polar 
cataract.9,11

Rotating the nucleus facilitated lens fragmentation either through sculpting,12 chopping,13 or prechopping14 techni-
ques, but nucleus rotation might cause zonular dialysis when the hydrodissection was not complete or in eyes with weak 
zonules from previous trauma or pseudoexfoliation syndrome,2,3,11 which was sometimes hard to anticipate.

Some phacoemulsification techniques done without nuclear rotation had been reported before.8,9,11,15,16 In situ nuclear 
disassembly was done by sculpting,15 which consumed more energy.17 Pre-surround division technique using an 
Akahoshi prechopper was more suitable for soft nucleus.16 Cross chop8 used the same horizontal chop technique as 
in situ serial trident chop for the first and second chops, but left a large left nuclear hemisphere behind. Then, it was 
converted to the stop and chop technique,18 using high vacuum of the phaco tip to grasp, move, and chop the large 
residual heminucleus, which needed thorough hydrodissection and high hydrostatic pressure to keep the anterior chamber 
stable and improve the followability of the nuclear fragments (Table 1). Yet in certain circumstances, high hydrostatic 
pressure might increase surgical risk, especially in eyes with floppy iris syndrome or severe myopia.1

The serial three chops of in situ trident chop separated the nucleus in situ into four nuclear fragments without a big 
heminucleus left for further treatment.7–9 The smaller left distal nuclear fragment could be sequentially and easily picked up 
to the phaco tip and emulsified, which made room for picking up the other three nuclear fragments to the phaco tip. Till then 
vacuum was activated. Thus, the anterior chamber was stable and needed no high hydrostatic pressure to prevent accidental 
aspiration of the lens capsule or to improve the followability of the lens fragments. In this case, while hydrodissection was 
incomplete, hydrodelineation played a crucial role in enabling safe phacoemulsification by acting as a buffer between the 
nucleus and the capsule and the IOP could be set at 20–28 mmHg to avoid the complications of high IOP. Although the 
Active Sentry handpiece with Active Fluidics had been shown to reduce the IOP level needed, it most often still operated at 
an IOP above 40 mmHg.19,20 Thus, the surgical methods might also play a role in reducing surgical IOP level further.

Limitations and Complication
In this case of grade II nuclear opalescence, in situ serial trident chop under low IOP appeared to be safe and effective, 
but more investigation is needed to prove it. In the case of a denser nucleus, however, the chopping would be more 
strenuous and might need higher hydrostatic pressure or a secondary instrument to protect the posterior capsule. 
Moreover, there is still risk of posterior capsule rupture, especially in eyes with posterior polar cataract when using 
this technique.

Conclusion
Phacoemulsification could be accomplished by in situ serial trident chop under low IOP and hydrodelineation without 
complete hydrodissection or nuclear rotation for grade II nuclear opalescence, although further investigation is needed to 
confirm its safety and effectiveness.

Table 1 Comparison of Different Surgical Techniques of Phacoemulsification

Trident Chop Cross Chop Stop-and-Chop

Hydrodissection Unnecessary Necessary Necessary

Sculpting time Short Short Long

Nucleus rotation Unnecessary Unnecessary Necessary

Hydrostatic pressure Could set below 30 mmHg Safer above 30 mmHg Safer above 30 mmHg

Small first lens fragment for easier removal Yes No Yes
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Abbreviations
IOP, Intraocular pressure; CCT, Central corneal thickness; CDVA, Corrected distant visual acuity.
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