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8 Operations on the Lens

8.1 General Problems
of Surgical Technigque

Cataract extractions may be per-
formed in two ways: by removing
the lens intact in its capsule (ftra-
capsular cataract extraction) or by
leaving a portion of the capsule in
the eve (extracapsular cataract ex-
traction) (Fig. 8.1).

From the standpoint of surgical
technique, the lens behaves as a
pressure chamber consisting of a
closed capsular bag filled with a
more or less fluid material. The ef-
fects of externally applicd forces de-
pend on the capsular rension. 1T the
capsule is very tense, applied forces
will be transmitted to the entire
capsule system including the zon-
ule, regardless of the site of applica-

tion. But if the capsule is lax, the
force will act mainly at the site of
its application. Capsular tension is
lowest when the capsule has been
breached. Then the capsule no lon-
ger forms a pressure chamber, and
forces are transmitted to the zonule
only when applied close to the at-
tachment of the zonular fibers.

Fig. 8.1, Methods of lens delivery

a The normal lens is suspended by zonule
fibers, some passing to the ciliary body
{ciliocapsular ligament A) and some lo the
anterior hyaloid membrane (hyalocapsu-
lar ligament £), A third fiber system links
the anterior hyaloid to the ciliary body
(hyalocilhary hgameni C).

b In an intracapsular lens extraction, the
lens is delivered intact. The hyalocapsular
and ciliocapsular portions of the zonule
are divided, leaving behind the hyaloid
membrane with its hvalociliary fibers. It
alone forms the anterior boundary of the
vitreous chamber (sce also Fig. 1.39).

¢ An cxtracapsular cxtraction leaves be-
hind the lens capsule with all its zonular
atlachments, so there is less weakening of
the anterior vitreous boundary, The lens
components — the anterior capsule, cortex,
and nucleus - are removed in separate ma-
MELVETS
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i) Operations on the Lens

From the standpoint of spatial
tactics, the lens is considered part
of the vitreous chamber. Therefore
any manipulation on the lens af-
fects the entire vitreous body, and
all measures must be cvaluated in
terms of their overall effect. If the
vitreous pressure is to remain con-
stant, forces musi be applied to the
lens in such a way that their vector
components are parallel to the vit-
reous surface (see Fig. 1.45b), Con-
versely, a deliberate change in vitre-
ous pressure is produced by apply-
ing vector components perpendicu-
lar (centrifugal or centripetal) to the
surface. Thus, shifting the lens hori-
zontally does not alter the vitreous
pressure, whereas lifting or depress-
ing the lens is apt to cause pressure
changes (Fig. 8.2).

A low vitreous pressure can be
maintained only if the lens delivery
is cffected by traction (extraction).
If the lens is removed by expression,
a rise of vitreous pressure is inevita-
ble since it forms the basis of the
maneuver.

The manipulations for lens removy-
al can be divided into several
phases:

— mobilization of the lens by de-
taching. it from structures that
are to remain in the eye;

— alignnent of the lens so that it
can negotiate the pupil and nci-
sion;

— locomotion, i.e., delivery of the
lens from the eye.

All these basic manipulations can
be synthetized into a single action
by the operator, but separating
them into their individual compo-
nents is wseful in that it provides
a greater safefy margin: The force
of the individual manipulations 1s
smaller than thal of the procedure
as a whole, and the direction of the
forces can be optimized for cach
step, making the maneuver easier to
control,

The objective is 1o remove only
the intended structures from the eye

while leaving all other structures in
place. Therefore, monitoring the
tissues remaining in the eye is no
less important than monitoring the
parts that are to be removed. Effi-
ciency control in lens removal is a
matter of confirming that each ap-
plied force elicits an adequate, cor-
responding movement of the lens.
Failure to elicit this movement is a
warning sign that mechanical ener-
gy is being stored and may be re-
leased unexpectedly. Safety control
in lens removal must ascertain that
motion of the part to be removed
does not elicit motion of parts that
are to remain. Thus, the operator
directs his attention not only to-
ward the movements of the lens in
response to his instrumentation but
also toward the anatomic land-
marks that confirm total immobil-
ity of the structures to be left be-
hind.*

"In an imtracapsufar extraction, for exam-
ple, attention is given to the irs position:
IT the iris retains its position during for-
ward motion of the lens (1.e.. “"falls back
into place ™), this is a sign that the remain-
ing parts of the diaphragm are not follow-
ing the motion of the lens. In an exiracap-
sufar extraction, attention is given to the
free margins of the incised lens capsule;
these must remain stationary during mo-
tion of the lens nucleus and cortex.

Fig. 8.2. Space-tactical consequences of
lens movements

a Perpendicular (ie.. centrifugal or cen-
tripetal) vector components alter the vitre-
ous volume, crealing a posilive of negalive
pressure.

b Movements along the vitreous face

cause shifis of vitreous substance but do
not affect its volume.

¢ Movements about the center of curva-
ture of the posterior lens surface affect nei-
ther the shape nor the volume of the vitre-
ous body.

d Rotational movements about the sagit-
tal lens axis de not affect the vitreous
shape or volume



8.2 Intracapsular Lens
Delivery

In an intracapsular lens delivery,
destruction of the diaphragm is
controlled in such a way that only
the zonular fibers that bridge from
the capsule to the ciliary body and
to the anterior hyaloid are divided.
The lens capswle and anterior hya-
loid themselves should remain in-
tact.

8.2.1 Mobilization (Zonulolysis)

Destruction of the diaphragm is lo-
calized to the zonufe by concentrat-
ing the applied forces (maximizing
pressure) precisely at that site while
distributing the forces as broadly as
possible {(minimizing pressure) over
the lens capsule.

The forces may be transferred in-
directly to the zonule via the lens
capsule, or they may be applied to

the fibers directly. An indirect
transfer of forces during lens ex-
pression is accomplished by a gener-
al tensing of the diaphragm. In this
case the site of zonular rupture may
not coincide with the site of appli-
cation of the expressing instru-
ments, but depends on local varia-
tions in fiber resistance.

The forces in a lens extraction are
transferred indirectly to the zonule
by traction on the lens capsule
(Fig. 8.3). The force necessary for
the indirect rupture of the zonule
depends on the capsular tension,
The more lax the capsule, the
greater the tension that must be
supplied by the operator. Since the
capsule becomes increasingly lax as
division of the zonule proceeds, the
amplitude of the lens excursions in
an extraction should be steadily in-
creased in order to transmit the nec-
essary force (Fig. 8.3¢).

Traction roward the pupil (*cen-
tripetal traction™) exerts tension on

>

Mobilization (Zonulolysis) ik

circumseribed fiber groups and 1s ef-
fective for a localized rupture of the
zonule (Fig. 8.4b, A'), although the
amplitude of this maneuver is lim-
ited by anatomic constraints. Trac-
tion by rotation (*circumferential
traction™) has an unlimited ampli-
tude {(Fig. 8.4c, B'), but the tension
affects all the fibers equally. Once
an initial gap is created, though, the
effect becomes localized as the
fibers adjacent to the gap are rup-
tured first.

Fig. 8.3, Applying indirect tension to the
somule

a If the lens capsule is tense (feff), little
traction need be applied to the capsule to
mike the zonule fibers tense (righi).

b If the capsule is lax (fef7), much greater
traction is required, because first the cap-
sule must be made tense before tension
is transferred to the zonule (righr).

¢ Since capsule tension dwindles as sepa-
ration of the zonule proceeds, the ampli-
tude of the traction must be gradually in-
creased Lo compensate
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Fig. 8.4. Direct separation of the zonule

a Direction of fiber streich : The fibers can
be rupiured by overstreiching them cither
perpendicular (A) or parallel { #) to the vit-
reous surface.

b The zonulotome can act perpendicular-
Iy by thrusting it into the zonule (4) or
by elevating the lens (and thus the zonule)
toward the stationary zonulotome (4°).
Motion A produces force vectors directed
toward the vitreous chamber, jeopardizing

The direct application of [orces
allows a highly selective division of
the zonule fibers. In this method the
fibers are engaged directly with an
instrument (zonulotome),? which
stretches the Nbers to the point of
rupture in a direction perpendicular
or parallel to the vitreous surface
(Fig. 8.4a). Perpendicular vector
components (Fig. 8.4b) affect the
vitreous chamber. They can be min-
imized however, because perpendic-
ular forces are necessary only for
making the initial rupture in the
zonule. Once this initial gap has
been created, all the remaining
fibers can be divided parallel to the
vitreous surface (Fig. 8.4c).

The critical phase of the zonulo-
lysis, then, is the creation of the ini-
tial gap. Once that has been accom-
plished, division of the fibers can
proceed using mancuvers that no
longer jeopardize the vitreous.

the anterior hyaloid. In motion A, the
zonule fibers are pulled away from the an-
terior hyaloid. This also creates a negative
pressure in the vitreous space which re-
tracts the anterior hyaloid from the danger
gone and thus reduces the risk of hyaloid
imjury. The necessary depth of penetration
of the zonulotome (4) depends on the
compliance of the Nbers, and this can be
reduced by combining it with indirect pri-
mary tension (A").

Chemical dissolution of the zonule
with alpha-chymotrypsin® reduces
the force necessary to effect delivery
of the lens. However, a liquid en-
zyme is difficult to control both in
its intended action and its side-ef-
fects.

The enzyme dose can be reduced
by combining chemical zonulolysis
with mechanical zonulotomy. For
example, alpha-chymotrypsin may
be injected to produce the initial
zonule gap, whereupon the remain-
ing fibers are ruptured mechani-
cally with a zonulotome.

The enzyme is applied as close as
possible to the elected site of action
(Fig. 8.5). On completion of the
zonulolysis (Fig. 8.6), residual en-
zyme and zonule debris are re-
moved by irrigation of the anterior
chamber. At this point the lens is
in a subluxated condition.

¢ The zonulotome can act parallel to the
vitreous surface cither by moving the in-
strument along the lens equator (B) or by
rolating the lens aboul its sagitial axis (#)
to press the fibers against the stationary
ronulotome. Large excursions arc possible
with no danger to the vitreous chamber.

Motions 4 and 8 affect only the fibers
directly ahead of the zonulotome, while
motions A" and & tense the fibers indirect-
Iy and can produce primary tension over
a large area

? Besides specialized instruments, an iris
retractor (Fig. 8.18b) or even an expressor
indenting the sclera (Fig. 8.16) can func-
tion as a zonulotome.

* Alpha-chymotrypsin is a proteolytic en-
zvme that dissolves the zonule fibers when
applied in concentrations of 1:5000 o
1:10000. It acts in 1-5 min at a tempera-
ture of 23%-35°C; the wailing time de-
pends in part on whether the enzyme is
cold or warm when applied. It is inactivat-
ed by acids and alkalis, serum and blood,
DFP and chloramphenicol (which can be
used intraoperabively 1o inactivate the en-
zyme), detergents, disinfectamts, aleohaol
(needles and cannulas must contain no
residues from these substances and must
be heat-sterilized), and temperatures
above 40° C. The enzyme preparation is
sterilized by filtration only. No preserva-
tives may be added. For this reason, only
fresh solutions should be used to reduce
the risk of contamination.

The major reporied side-effect of al-
pha-chymolrypsin is a postoperative rise
of intraccular tension. There are also re-
ports of cormneal damage if the endothe-
lium 15 disrupted, hyaloid membrane dam-
age, and retinal morbidity if the enzyme
enters the vilreous.



Fig. £.5. Application of zonulolytic enzyme

a To apply the enzyme directly to the zon-
ule, i is imjected behind the iris, The upper
circumference of the zonule is accessible
through a peripheral indectomy.

b The lower circumference is reached by
crossing the pupil. Lens damage is avoided
by keeping the cannula raised away from
the lens until the opposite pupil margin
is reached. Onee there, the cannula tip is
lowered and is then passed beneath the
iris (abore); it is always directed tangen-
tially away from the anterior lens surface.
50 the tip of the cannula does not come
in contact with the lens capsule (below).

¢ The enzyme 15 distnibuled along the
lower zonule with a sweeping movement
of the cannula

8.2.2 Aligning the Lens
for Delivery

By deciding which pole of the lens
will lead the delivery, the operator
establishes the site for making the
initial gap in the zonule (Fig. 8.7).
That site will determine whether it
is technically more convenient to
tamponade the gap during the de-
livery or leave it open. * In addition,
the lens alignment determines the
relarionship between the lens cross-
section and the cross-section of the

“ Sealing the zonule gap or leaving it open
affects the pressure in the vitreous
chamber  during  the delivery; see
Figs. &.10 and 8.11.

>
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Fig. 8.6. Confirmation of total zonulolysis.
When all the suspensory fibers of the lens
have been divided, the lens acquires a
more spherical shape (red arrews). It may

Fig. 8.7. Lens alignment during delivery

a Sliding: The superior pole of the lens
emerges through the pupil and incision
first. There are gaps in the incision side
of the zonule as well as in the opposite
side. Tamponade is difficult because it
must involve both lips of the incision.

also mowve outward if there is a slight vitre-
ous overpressure, or i may sink inward
from its own weight if the hyaloid mem-
brane is lax (white arrows)

b Tumbling: The infenor pole of the lens
emerges first. The initial gap is on the infe-
rior side, and from that peint separation
of the zonule progresses toward the corne-
al opening. Tamponade 15 casier because
only the superior lip of the incision needs
to be controlled
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Fig. 8.8, Criteria for lens alignment during
delivery : Relationship of the lens io the pu-
pil and incision

a The lens first moves vertically upward
into the anterior chamber, traversing the
pupil, and then horizontally outward, tra-
versing the incision. The angle between the
plane of the pupil (£p) and the plane of
the incision (Pi) is nearly 90 degrees.

b If the lens is to present a minimum
cross-section to both openings, it must be
rotated approximately 90°.

-
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¢ This rotation can be reduced if the pupil
is very large, as this allows the lens to tra-
verse it with a larger cross-section,

d The rotation can also be reduced by
raising the supcrior lip of the corneal inci-
sion. Mere: This maneuver creailes a corne-
al hinge fold.

¢ Rotation of the lens can be avoided by
depressing the lower lip of the corneal ingi-
sion, therchy reducing the vertical compo-
nent of the delivery. Mote: This creates a
hinge fold in the sclera (not i the cornea),
which may affect the vilreous pressure



apening as the lens traverses the pu-
pil and the corneoscleral incision.
This in turn determines the resis-
tance to the delivery and the degree
of force that must be applied.

Because the planes of the pupil
and the corneal incision are nearly
at right angles to each other, the
lens must be rotated almost 907 in
order to negotiate both openings
with a minimum cross-section
(Fig. 8.84a, b). The necessary degree
of lens rotation can be reduced by
modifying the openings, i.e.. chang-
ing their size to accommodate a
greater lens diameter (Fig. 8.8¢) or
repositioning them onto the path of
the emerging lens (Fig. 8.8d),

In delivery by sliding, the lens is
oriented so that the pole closest 1o
the incision is the first to emerge.
Thercfore the initial zomule gap is
made directly below the incision
(although additional gaps may
form elsewhere as a result of con-
tralateral zonule tension). The lens
presents a relatively large cross-sec-
fion on  traversing the pupil
(Fig. 8.8¢), so adequate mydriasis is
required. The movements of the
lens can follow the vitreous surface
(Fig. 8.8¢), so there is little or no
effect on the vitreous volume.

In delivery by tumbling the oppo-
site pole is the first to emerge
through the incision. Conseguently
the initial zonwle gap is made on the
side opposite the incision. The ipsi-
lateral zonule may remain intact al-
mast until completion of the deliv-

ery. Because of its rotation, the lens
can present an oplimum cross-sec-
tion as it traverses the pupil. Defor-
mation of the vitreous can be mini-
mized by guiding the lens along the
vitreous surface in all maneuvers,
Success in achieving these goals de-
pends on the axis of lens rotation
during the tumbling maneuver. If
the lens is tumbled about an axis
at its wpper pole, it will present a
large cross-section to the pupil and
incision. ® It moves away from the
vitreous, whose pressure is corre-
spondingly  reduced  (Fig. 8.9a).
Tumbling the lens aboutl an infra-
fenticular axis exerts mass effects on
the vitreous which can raise its pres-
sure and increase resistance to the
tumbling maneuver (Fig. 8.9b). In
delivery by reverse tumbling, the
lens is rotated about two extralenti-
cular axes in two separate stages.©
MNeither movement significantly af-
fects the vitreous volume, regard-
less of the shape of the lens
(Fig. 8.9¢c); the lens can present a
minimum cross-section for travers-
ing the pupil and incision.

* Although it touches almost the whole
posterior surface of the cornea in this ma-
meuver, an intact lens produces relatively
little endothelial trauma. The main danger
is contact with the extracting instrument
(e.2., capsule forceps). the most vulnerable
area being the stiffened tissue at the hinge
fold.

% Reverse tumbling can be compared to
the backing of an automohile.
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Fig. 8.9. Center of rotation in various tum-
bling mancuvers

a Tumbling the lens about an axis through
its superior pole: The rotary movement
(L) produces a veetor component () per-
pendicular to the vitreous chamber. The
lens presents its largest cross-section when
traversing the pupil and incision.

b Rotation of the lens about its transverse
axis. A spheroidal lens can be rotated in
any direction, analogous to a spheroidal
joint in a socket. The less spherical the
lens, the greater the shift of vitreous sub-
stance caused by its rotation.

¢ Reverse tumbling about extralenticular
points. Tumbling in two phases: ! Rota-
tion of lens about the “center™ of the vit-
recus (analogous to Fig. 8.26). 2 Rotation
aboul the center of curvature of the poste-
rior lens surface (analogous to Fig, 8.2c).
In this technique the lens presents its
smallest cross-section 1o both pupil and
incision

#.2.3 Locomotion

Locomotion would require very lit-
tle force if performed in isolation,
but it is invariably combined with
concomitant maneuvers (zonuloly-
sis, lens alignment) which dictate
the force needed for the delivery. If
the zonule has been completely sep-
arated (e.g.. by chemical zonuloly-
sis) and the pupil and incision are
sulficiently large, minimal force
need be applied.

The forces used for the delivery
(the “motors™) are either pressure
(expression) or traction (exirac-
tion). In delivery by expression, the
lens is expelled from the eye by
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Fig. 8.10. Pressure as a motor for lens de-
livery (expression)

a The pressure is increased by deforma-
tion of the vitreous chamber. I the lowest
resistance 15 in [ront of the lens, the lens

will be expressed.

b If the lowest resistance is elsewhere, ex-
tralenticular tissue will protrude when the
pressure is increased (e.g., vilreous pro-
lapse due to inadeguate tamponade)

Fig. 8.11. Traction as a motor for lens de-
livery (extraction)

a Traction on the lens creales a vacuum
in the vitredus chamber which holds the
lens back and hinders delivery.

b Gaps next to the lens allow pressurcs
to equalize

pressure fram the anterior hyvaloid.
The necessary pressure rise in the
vitreous chamber is produced by
deforming the vitrcous with instru-
menis (expressors). As shown in
Figs. 1.42¢ and 1.43¢, the site of
application of the expressors is im-
material in terms of the pressure
that is produced. Their placement
is determined only by considera-
tions of resistance conirol: the re-
sistance must be low in front of the
lens itself (to clear a path for the
delivery) but high over all other
parts of the diaphragm (tampon-
ade). If there are zones of low resis-
tance adjacent to the lens, the ante-
rior hyaloid will bulge forward at
those sites while the lens itsell re-
mains stationary (Fig. 8.10).
Delivery by extraction is accom-
plished by traction to the lens. This
may induce an expansion of the vit-
reous space and a negative vitreous
pressure. As this tends to draw the
lens backward, the pressures muse
be egualized before the extraction

o

can proceed.” This requires open-
ings in the diaphragm (iridectomy,
gaps in the zonule) through which
fluid and air can shift from the an-
terior chamber to the vitreous com-
partment (Fig. 8.11).

A major difference between the
two methods is that open gaps in
expression are a source of complica-
tions (by allowing pressures to
equalize) and must be tamponaded
during the delivery. In extraction
they are essential for smooth con-
duct of the maneuver, and the oper-
ator must create such gaps and keep
them open throughout the delivery,

The degree of force that can be
applied is limited by the resistance
of the anterior hyaloid in expression
and by the solidity of the lens cap-
sule in extraction. Both structures
are liable to rupture il the progress
of the delivery is impeded. It is es-
sential, therefore, that obstacles to
the delivery be promptly identified
and cleared. The early recognition
of these obstacles may rely on tac-

b

}
)

tile or visual feedback. The major
factile warning sign is an increase
of resistance manifested as an in-
creasing force needed for the deliv-
ery; the major visual sign 15 a pau-
city of lens motion. If the lens does
not respond to an expression ma-
neuver despite increasing pressure,
any further pressure increase will
only exacerbate the risk of vitreous
prolapse. If the lens is not moved
by an extraction maneuver, increas-
ing the traction may rupture the
capsule.®

" The negative pressure can alse cause iris
pseudorigidity by holding the iris so light-
ly against the lens that delivery becomes
impossible. Unlike true iris ngidiny, which
is manifested preoperatively by a persis-
tent failure of mydriasis, pseudorigidity is
relieved at once when pressures are egua-
lized.

¥ The site of the obstruction is indicated
by the direction of the traction folds in
the capsule (“arrows pointing to the ob-
struction™).



8.2.4 Instruments
for Lens Delivery

Expressors

The vitreous pressure necessary for
lens expression is produced by in-
denting the ocular wall with a blunt
instrument, the expressor (Fig.
8.12). The shape of the expressor
is unimportant in terms of the vitre-
ous pressure increase.’ However,
the instrument shape is significant
for secondary functions: Expres-
sors with a small contact area be-
have as sharp instruments and can
be used as “zonulotomes™; expres-
sors with a flarge comtact area can
lamponade the expanding gap in
the zonule.

Fig. .12, Expressors. The scleral indenta-
tion {pink), the actual “expressor,” is al-
ways larger and blunter than the mstru-
ment making the indentation. By proper
application of the instrumenis it is possible
to modify the area of contact and thus
the “sharpness™ of the expressor (here:
A squint hook)

Forceps for Grasping
the Lens Capsule

Forceps grasp the lens by making
a fold in the capsule (Fig. 8.13). To
make this fold, the forceps jaws
must be pressed firmly against the
capsule so that [riction will prevent
slippage during closure of the
blades. The jaw pressure should be
distributed evenly along the grasp-
ing surface to avoid capsule dam-

age.

>
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Erysiphake

The erysiphake consists of a suction
cup in which a vacuwm is created
to hix the lens to the extraction in-
strument.

The interior of the cup is de-
signed to exert a firm grip on the
lens capsule while preserving its in-
tegrity (Fig. 8.14). As the anterior
capsule partially prolapses into the
cup, the whole capsule becomes
tense and, with it, the zonule. The
instrument is applied with just
enough pressure to seal the entire
rim of the cup firmly against the
capsule surface.

? In former limes some surgeons even used
their finger as an expressor — a method
that alTords excellent tactile [eedback.

Fig. &.13. Forceps for grasping the lens cap-
sule

a The lens is grasped by a fold in the cap-
sule,

b Jaw design: To ensure a uniform pres-
sure distribution, the opposing surfaces
should be flat and smooth and their edges
carelully rounded. When the jaws are
closed, they should meet evenly for their
full length (stabilization of grasping pres-
sure, see Fig. 2.8). The jaws are designed
to diverge where nol in direct contact with
the capsule to reduce the danger of inad-
vertent grasping of neighboring tissue
(e.g., the iris).

¢ Position of jaws during traction, Afave:
When the fold is pulled so that its axis
(haiched line) 15 parallel to the direction
of pull, only the blunt grasping surfaces
of the jaws act on the capsule, nol the
cdges, Belfow: But if the fold is pulled at
an angle, one edge behaves as a sharp in-
strument and may damage the capsule
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Fig. 8.14. Erysiphake
a Erysiphake with suction cup.

b Longitudifnal section of suction cup.
The rim is broad and shaped to conform
to the kens surface so that it will not act
as a culling edge when suchion 15 starled.
Its edges are well rounded. The size of the
cup should be such that the capsule does
not touch the inside of the cup or the vacu-
um tube, because the occlusion would oc-
cur at the wrong site and this would de-
grade the suction.

¢ The suction produces a peneral tensing
of the zonule [ibers

Cryoexiraciors

Cryoextractors form an adhesion
with the lens by means of an ice
ball that encompasses both the in-
strument and the tissue. Fixation is
best when the ice ball extends deep-
ly into the lens and does not tax
the tensile strength of the capsule
alone (Fig. 8.15b). Even if the cap-
sule is damaged, complete extrac-
tion is still possible if all edges of
the lesion can be encompassed by
the ice mass (Fig. 8.15¢).

The size and shape of the ice ball
depend on the shape, temperature
and cold capacity of the cryoextrac-
tor, 1.e., on instrument characteris-
tics that are predetermined in a giv-

Fig. 8.15. Cryoexiracior

a Superficial ice formation: Encompasses
only the capsule.

b Large ice ball: Extends deep into the
lens, encompassing the cortex and nuclews,

¢ Obliteration of a capsule lesion by a
large ice mass

en case. The size of the ice ball also
depends on the thermal conductivity
of the biologic media and thus on
the fluid content inside and outside
the lens. Differences in thermal
conductivity can allow the selective
cryoextraction of a lens in a liquid
film within the anterior chamber or
in the fluid vitreous, since the ice
ball forms more rapidly in the solid
lens than in the ambient fluid.'® On
the other hand, if the lens contents
are highly liquid (as in intumescent
cataract), the ice ball forms only su-
perficially in the drier lens capsule,
and there is an increased risk of
capsular rupture (Fig. 8.15a).

Criteria for the Use of Extractors

The selection of an extraction in-
strument is based on its intrinsic
volume, its contact area, and the
lens deformation caused by the
grasping mechanism (Table 8.1).

The instrument volume that may
be introduced into the anterior
chamber depends on the margin of
deformation (depth of anterior
chamber, vitreous pressure), for if
the instrument is too bulky, the lens
must be pushed toward the vitreous
to prevent corneal damage, thereby
raising the pressure in the vitreous
chamber,

The area of tissue contact has a
significant bearing on the risk of
capsule rupture. If the extractor be-
haves as a sharp instrument, it will
tend 1o rupture the capsule rather
than the zonule. The contact area
further affects the intrinsic mobility
of the lens. If the contact area is
small (**point fixation™), the lens
can change its position ideally in re-
sponse to all applied forces from
the surgeon and from the zonule.
If the contact area is large, the sur-
geon's actions are transmitted more
rigidly to the lens and indirectly to
surrounding structures.

The pressure that the instrument
exerts on the lens during grasping
also raises the vitreous pressure and
therefore must be opposed by ade-
quate resistance from the zonulo-
capsular diaphragm. If the latter is
damaged (e.g., by a subluxated
lens), instruments with a very low
grasping pressure must be used.

Deformation of the lens on grasp-
ing is possible within the limits im-

'® This also applies to the zonule, which
freezes more quickly than the fluid film
that fills its interspaces. The danger of in-
advertent inclusion of the zonule in the
cryoextraction is greatest when the instru-
ment tip is applied near the lens periphery.
This can be difficuli (o detect visually if
the zonular inlerspaces rémain transpar-
ent.



Table 8.1
Forceps Erysiphake Cryoexiractor
Space in anterior chamber small very large depends on quality of
occupied by instrument nsulation
{Le. on danger of
freezing surrounding
lissues)
Area of contact with lens small very large depends on size of
1 ball
Pressure on lens during high low negligible
grasping
Deformation of lens during considerable  depends on negligible
grasping extent of
prolapse into
suction cup

posed by its ratio of volume to sur-
face area. If the lens is almost
spherical (as in intumescent cata-
ract), any deformation leads to a
general rise of capsule tension that
may contraindicate the use of de-
forming instruments for grasping. '’

8.2.5 The Phases
of a Lens Delivery

Lens delivery is a continuous pro-
cess in which the basic mancuvers
of mobilization, alignment, and loco-
mation take place concurrently and
in succession. For practical pur-
poses, however, the delivery can be
divided into four main phases ac-
cording to the type of Torce applied:

1. Application of the instruments

2. Formation of the initial gap in
the zonule

3. Passage of the lens through the
pupil and incision

4. Final phase

1. In the initial phase of instrument
application, the applied forces serve
only to engage the lens with the de-
livery instrument. The degree of
force depends on the type of instru-
ment used (see Table 8.1).

2. During formation of the initial
gap in the zonule, the applied forces

serve Lo initiate a rupture of the zon-
ule fibers. Locomotion is limited to
the degree necessary to make the
fibers tense. If a zonulotome is
thrust toward the vitreous to rup-
ture the fibers, the vitreous pressure
will rise. But if the lens is lifted and
the zonule drawn past a stationary
zonulotome, a negative pressure re-
sults which draws the hyaloid mem-
brane back from the initial gap (see
Fig. 8.4b). The presence of this gap
is essential for the next maneuver
to proceed smoothly.

3. Passage of the lens through the
pupil and incision constitutes the
main phase of the delivery, for it is
now that most locomotion occurs
and the lens is freed of its remaining
zonular attachments. Consequently
the greatest forces are needed during
this phase. The direction of force
application depends on the mode of
delivery: perpendicular forces are
appropriate for expression but are
strictly avoided in all other maneu-
vers. The nature of the applied force
(pressure or traction) determines
whether the developing gaps in the
zonule should be left open or tam-
ponaded.

4. The final phase begins as soon
as the largest lens cross-section has
passed through the corneal incision.
At that point the lens will no longer
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fall back through the incision when
locomotive forces are discontinued,
and the delivery is practically com-
plete. The forces can be reduced 1o
the minimum necessary for dividing
the few remaining zonular fibers.
This reduction of forces acting on
the vitreous chamber is an impor-
tant satety factor during the final
phase, when the vitreous is con-
tained only by the highly vulnerable
anterior hyaloid.

The techniques described below
illusirate how the foregoing princi-
ples can be combined in practice o
accomplish the lens delivery,

Expression

When the lens is delivered purely
by expression, as noted above, the
vitreous chamber is deformed by
expressors, and the resulting pres-
sure increase is used to initiate and
control a prolapse of the lens
(Fig. $.16). The main problem is the
potential for unintended prolapses.

The initial gap in the zonule is
produced bluntly and thus with rel-
atively large forces. This maneuver
is most successlful when the lens is
almost spherical. Such a lens can
be rotated in any direction without
affecting the vitrcous volume (see
Fig. 8.9b), and this permits exten-
sive streiching of the zonule. A vol-
uminous lens also leaves a large
margin ol deformation in its wake,
reducing the risk of vitreous pro-

lapse.!?

' Because forceps must raise a fold in
order to function, they can be used only
on lenses whose capsular tension is low,
If forceps exiraction 15 attempied on an
imtumescent lens, the forceps will either
skid off the lens surface or rupture the
capsule.

" This suilability of spherical lenses lor
delivery by expression may explain why
Smith's expression technique was s0 suc-
cessful in India but commonly failed else-
where. The cataractous lenses of Indians
are ofien large and spherical.
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Fig. 8.16. Expression

a Placement of instrument (feft: Shiding
delivery; righr: Tumbling delivery}. The
placement of the expressors determines
which pole will emerge first. The expressor
ofi the side of the leading pole is placed
far enough from the lens border to allow
an unresineted delivery. 1t lforms the mi-
tial gap in the zonule, so it is applied with
its ““sharpest™ point (sl arrow). The
opposite expressor keeps the lens from ris-
ing and is applied * bluntly ™ to avoid zon-
ule rupture at that site (farge arrow).

b, ¢ Sliding technigue.

b Formation of initlel gap. The upper,
“sharp™ expressor is pressed inward to
rupture the zonule and simultaneously
tamponade the resulting gap.

¢ Delivery af lens throught pupd and inci-
sionr, Once the leading pole has emerged
(recognized by ils free border), the pres-
sure is increased to induce locomotion,
Separation of the zonule proceeds as the
lens slips past the scleral bulge produced
by the upper expressor, which now is ap-
plied over a broader area to tamponade
the enlarging zonular gap.

d Final phase. All pressure on the vitreous
is released as soon as the largest lens cross-
section has passed through the corneal
apening. The delivery is completed and the
wound simultaneously closed by gentle
stroking with the expressor, If the lens is
wheeled out over the opposite wound mar-
gim, it will tamponade the comneal opening
until the delivery is completed

A major advantage of delivery by
cxpression alone is that mo instru-
ments need to be introduced into
the anterior chamber. Partial ex-
pression achieves a similar tactical
goal while reducing the risk of vitre-
ous prolapse. In this method the
lens is expressed only until its upper
pole presents in the incision. There
it 15 grasped with an extraction in-
strument and the delivery complet-
ed by a combined technique (ex-
pression and extraction).!?

Combined Extraction
and Expression

If both pressure and traction are
employed for lens delivery, the sur-
geon can select the most favorable
“motor” for a given situation.
Traction relieves stress on the vitre-
ous and is indicated if there is a
threat of prolapse. Pressure relieves
stress on the lens capsule and is
used if there is a threat of capsule
rupture. It is important to note,
however, that a rapid change be-
tween traction and pressure re-
quires a correspondingly rapid ad-
justment in the management of the
resulting zonule gaps (see Figs.
8.10, 8.11).

"2 1F the emerging lens is grasped with a
cryoexiracior, care is laken not to freeze
the zonule at its attachment. Whether or
not the emerging pole of the lens is stll
attached 1o the zonule is judged by the
curvature of the arca between the lens and
pupil margin. The surface of a lens still
attached to the zonule extends Mat toward
the iris, and the pupil follows the lens
movernents. Conversely, a lens [ree of 2on-
ules presents a sharp curvature, and the
pupil margin recedes on motion of the
Iens.



Fig. 8.17. Combined expression and extrac-
tion (forceps)

a Placement of instruments, In delivery by
slidinmg {Feft), the forceps are applied trans-
versely in the pre-equatorial zone, the iris
being simultaneously pushed aside. In
tumbiing (right). the forceps are passed
closed beneath the ins to the pre-equaton-
al zone on the opposite side and then
opened, The expressor then raises the vil-
reous pressure until the lens 18 pressed
against the forceps and sufficient frictional
resistance 15 created between the capsule
and jaws. Then the foreeps blades are
closed. A solid grip on the capsule is con-
firmed by tactile feedback, i.e.. by noting
the transmission of diaphragm tension to
the forceps: The resistance to slight lateral
movements of the forceps changes as the
vilreous pressure 15 raised by the expres-
S0T.

b, ¢ Tumbling rechnigue.

b Formarion of imitial gap. Traction on the
forceps is directed straight toward the pu-
pil center to make the zonule tense, I this
traction is precisely horizomtal, the initial
phase of the reversing mancuver has be-
gun {diagram at right). The expressor, ap-
plied as a zonulotome, simultaneously
forms and tamponades the initial gap.

¢ Delivery of lens through pupil and inci-
sion, The vitreous pressure is increased to
initiate locomotion, The zonule 13 made
tense by mg-zag movements of gradually
increasing amplitude  (see  Fig. 8.3¢).
Countermovements are made with the ex-
pressor o rupture the zonule (parallel to
the vitreous face, see Fig. 8.4¢, B). Follow-
ing separation of the zonule inferiorly, the
forceps are passed toward the corneal
opening for the second phase of the revers-
ing maneuver (diagram ar right). The ex-
pressor is applied with its broadest surface
1o break the lateral zonule and simulta-
neously tamponade the enlarging zonular
gap.

d Fimal phese. All pressure is released as
soon as the largest lens cross-section has
passed through the corneal opening. The
lens 13 wheeled out over one edge of the
incision. The incision is tamponaded with
the expressor
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Fig. 8.18. Extraction with cryoextractor

a Placement of instruments. The superior
pole of the lens is exposed with an irs
retractor. The cryoextractor is applied un-
cooled (fefM), 15 activated, and the lens is
immediately raised to remove the applica-
tion site from the heat-conducting fuid
laver (righr). The definitive ice ball forms
in the insulating air,

b Formation af initial gap. Upward trac-
tion brings the zonule in direct contact
with the iris retractor, which acts as a
“sharp zonulotome ™ to rapture the fibers.

€ Possage through pupil and cornea. Trac-
tion is increased 1o initiate locomotion,
Meanwhile the rest of the zonule 1% sepa-
rated by pulling the lens past the iris re-
tractor in rotary motions {analogous to
Fig. 8.4¢, B).

d Final phase. The lens is wheeled out over
one edge of the incision. Remaining zon-
ule fibers are separated, and the wound
15 simultancously closed with a blunt in-
strument




The precise coordination of
forces is easier if the lens can re-
spond to the forces freely. This is
facilitated by using a grasping in-
strument that has a small contact
area,'*

In delivery by tumbling, only one
zonule gap is created and is casily
tamponaded; this facilitaics expres-
sion maneuvers, Delivery by sliding
involves the creation of multiple
gaps, which are difficult 1o tampon-
ade; this situation favors delivery
predominantly by traction.

Combined extraction and expres-
sion (Fig. .17} is in principle a con-
trolled expression in which pressure
serves as the primary motor while
traction is used mainly for control.

Extraction

When delivery is effected purely by
extraction (Fig. 8.18), all applied
forces are exerted on the lens cap-
sule. Hence, the main problem in
this technique is to refieve rension
an the capsule 1o avoid capsule rup-
ture.

One way to accomplish this is to
use an extractor that establishes a
large contact area with the lens
(possibly including the contents of
the capsule; see Table 8.1). Another
way is to reduce the force applied
in separating the zonule (enzyme
zonulolysis, mechanical zonulo-
tomy). If, despite such measures,
there is evidence of impending cap-
sule rupture (traction folds), the di-
rection of the traction is altered in
an effort to relieve stress on the cap-
sule by selective fiber tension.

The advantage of delivery by ex-
traction alone is that no pressure
15 exerted on the vitreous chamber
- an important safeguard against
undesired vitreous prolapse.

14 The associated danger of capsule rup-
ture is reduced by swilching 1o expression
when warning signs appear (folds in the
lens capsule).
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8.2.6 Completing
the Intracapsular Delivery
after Inadvertent Capsule Rupture

If the capsule ruptures accidentally
during a planned intracapsular ex-
traction, the surgeon may elect to
leave the capsule in the eve (con-
verting to an extracapsular extrac-
tior), or he may pursue the original
plan of a complete lens removal.

The capsule is grasped by identi-
fying its free edges and bringing
them between the forceps jaws
(Fig. 8.19). If the capsule is rup-
tured at the start of the delivery
(Fig. 8.20), the lesion lies at the ap-
plication site of the grasping instru-
ment. Tags of capsule are recog-
nized by their motion during irriga-
tion of the anterior chamber. If the
zonule is still intact, the procedure
can be converted to an extracapsu-
lar extraction.

If the capsule ruptures in the final
phase of the delivery (Fig. 8.21),
capsule remnants are accessible at
the lip of the incision. By that point
the zonule is partially separated and
offers little resistance; conversion
to an extracapsular delivery is no
longer possible.

During extraction of the capsule,
forces are no longer transmitted to
the zonule as a whole since the cap-
sular bag is destroyed (see p. 221).
Thus, the zonular fibers can be
made tense only by applying the
forceps close to their insertion. Since
the distance between the forceps
and remaining intact fibers in-
creases as the extraction proceeds,
the forceps must be continually
reapplied closer to the fibers to be
divided (taking alternate grips with
two pairs of forceps). The applied
forces are optimally utilized by em-
ploying selective fiber tension
(Fig. 8.22).

.

Fig. 8.19. Grasping the torn capsule (here:
With capsule forceps)

a The free edge of the capsule is grasped
at the rupture site. Nore: The forceps is
held horizontally, i.c., parallel to the cap-
sular plane.

b If the forceps were applied vertically, as
for grasping an intact lens (sec Fig. 8.13),
it could grasp only by making a lold. But
this could cause rupture of the posterior
capsule or incarceration of vitreous
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Fig. .20, Rupture of the capsule on grasp-
ing the lens. The rupture occurs at the site
where the extractor (here: Forceps) is ap-
plied. The capsule remains tense because
the zonule is still imact

Fig. £.21. Rupture of the capsule on exirac-
tion. Il the capsule ruptures during the
course of extraction, part of the capsule
i5 already within the incision, and ihe zon-
ule is partially divided

Fig. 8.22. Extraction of the capsule (here:
With ring forceps)

a If the pull on ithe capsule is ceniripetal
(ie., in line with the normal course of the
zonule fibers), a diffuse tension is exerted.
The tension on each fiber is low compared
with the force applied.

b Selective tension (i.e., traction applied
at a large angle to the analomic course
of the fibers, see Fig. 2.55) exerts maxi-
mum tension on the fibers that are to be
separated next, while all others fibers re-
miain lax.

Nate: The capsule is extracted by taking
alternate grips with two forceps in a
“hand-over-hand ™ fashion




8.3 Extracapsular Cataract
Operation

The goal of the extracapsular cata-
ract operation is to remove the con-
tents of the lens bag while preserv-
ing the integrity of the zomdocapsu-
lar membrane. While the intracap-
sular delivery aims at avoiding the
destruction of the anterior hyaloid,
all measures in the extracapsular
delivery are geared toward prevent-
ing lesions of the zonule and the
posterior lens capsule.

Each step of the procedure weak-
ens the diaphragm separating the
anterior chamber from the vitreous
chamber, as {irst the nucleus and
then the cortex of the lens are re-
moved, finally leaving only the pos-
terior  capsule  behind  (see
Fig. 8.1¢). The ability of the open
capsular bag to retain its shape de-
pends increasingly on the pressure
differential between the bag and its
surroundings. A high intralenticular
pressure can develop if the outflow
resistance from the capsular bag is
higher than the outflow resistance
from the adjacent ocular chamber,

From the standpoint of spatial
tactics, we can distinguish between
procedures in which the capsule re-
tains its quality as a separate pres-
sure chamber and procedures in
which the capsule simply forms part
of the wall of the anterior chamber
or vitreous chamber (Fig. 8.23).
This distinction is based on the size
of the opening in the lens capsule.
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Fig. 8.23, Space-tactical aspects of extra-
capsular cataract extraction

a, b Capsular bag as a scparale pressure
chamber.

¢, d Capsular bag communicating with
the adjacent pressure chambers.,
a, ¢ Approach through the
chamber.

b, d Approach through the vitreous.

anterior

a Capsular pressure chamber with ap-
proach through the anterior chamber: The
outflow resistance from the capsular bag
i5 higher than the outflow resistance from
the anterior chamber, Thus the pressure
within the capsule can rise higher than the
ambient pressure; the bag can be inflated
and will retain its shape (space-tactical
condition for endocapsular techniques).

b Capsular pressure chamber with ap-
proach through the vitreous (e.g. lor lens-
cctomy: The opening in the ocular wall
(pars plana) is tamponaded 1o prevent vit-
reous prolapse. Thus, the opening in the
capsular hag also must be tight if intracap-
sular pressure is lo develop relative to ad-
jacent chambers.

¢ Capsular bag as part of the anterior
chamber: If the outflow resistance from
the capsular bag is lower than that from
the anterior chamber, the pressures in
both chambers will be equal (space-tacti-
cal condition for “open capsule™ tech-
niques),

d Capsular bag as part of the vilreous
chamber: If the opening in the capsule is
not watertight, the bag will behave as part
of the vilrepus pressure syslem
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Fig. £.24, Slitlike anterior capsulotomics

a A slitlike opening in the anterior capsule
maintains a relatively high outllow resis-
tance from the capsular bag. Capsuloto-
mies of this kind are suitable for endocap-
sular deliveries provided the opening can
accommodate the nucleus (gray),

b If the nuclens is too large, the capsulo-
tomy will tear as the nucleus passes
through, The tear extends in the original
direction of the capsulotomy, spreading
into the zonule or even the posterior cap-
sule.

€ With a large nucleus, the tear can be
redirected [rom the lens equator (arrows)
by preplacing small. angled extensions at
the ends of the capsulotomy

o e
Fig. 8.25, Circular anterior capsulectomy

a2 The opening in the anterior capsule
should spare the zonule attachments to
preserve the integrity of the zonulocapsu-
lar diaphragm (“maximum allowable
opening ™).

b If the nucleus is too large to it through
an opening of maximum allowable size
(*insufficient maximum opening ™), it can-
not be delivered without endangering the
zonulocapsular diaphragm

Fig. 8.26. Circular capsulectomy : Relaxing
incisions to enlarge an *insufficient maxi-
mum opening ™. Above: Appearance of the
anterior capsulectomy before delivery of
a too-large nucleus; befow: Afler delivery
of the nucleus.

a Tearing at incidental notches in the mar-
gin of the capsulectomy. The deepest
nolch 1s the weakest point, and the capsule
will tear there when the nucleus is deliv-
ered. The random location of this site
means that it may be tactically unfavor-
able.

b Planned relaxing incision at & favorable
location (near the entry site into the ante-
rior chamber). The direction of tear ex-
pansion is confined o an area easily moni-
tored from the access site by deliberately
placing a radial incision there extending
from the circular capsulectomy,

¢ Dual relaxing incisions create a trap-
door-like opening in the border of the an-
teror capsule. Because the expansion is
provided by two incizions instead of one,
cach of the incisions will undergo less ad-
ditional tearing during the delivery than
4 single incision as in b

8.3.1 Anterior Capsulotomy

The size and shape of the anterior
capsulotomy are planned with the
dual objectives of removing the lens
contents and preserving the integri-
ty of the zonulocapsular dia-
phragm. Thus, the maximum size of
the capsulotomy opening is limited
by the area of attachment of the
zonular fibers on the capsule
(Fig. 8.25), while its minimum size
depends on the size of the noncom-
pliant lens matter that must tra-
verse the opening, i.¢., on the size
of the lens nucleus. If the nucleus
is so large that it would require a
minimum capsulotomy larger than
the opening permitted by the zonule
attachments, the emerging nucleus
might cause the capsule to rupture
into areas that should remain in-
tact. Thus, the shape of the capsulo-
fomy must be such that any further
tears accompanying extraction of
the nucleus will occur in directions
that do not jeopardize the zonule
or posterior capsule (Figs. 8.24,
8.26).

In terms of surgical technique,
the lens capsule behaves as a com-
pliant,  resilient membrane. This
means that when the tissue is cut
with a sharp blade, it manifests the
classic forward and lateral shifting
tendencies described earlier. When
the tissue is divided bluntly (by
tearing), the shape and direction of
the tear depend entirely on the
forces applied, since the capsule is
structurally homogeneous and con-
tains no anatomic “paths of least
resistance. "

Anterior Capsulotomy i )
Cutting the Lens Capsule

In a sharp capsulotomy the blade
must first penetrate the lens cap-
sule. Thereafter only the blade is
moved; the capsule should remain
stationary to ensure that no forces
are transmitted to the zonule.

The starting point of the incision
is defined by the point of applica-
tion of the blade. At that site the
blade is inserted to the proper
depth.'® Thereafter the section the-
oretically proceeds in the guidance
direction of the blade, although the
actual result is influenced by the
forward and lateral shifting tenden-
cies of the capsular tissue.

Y If applied too superficially, the blade
will tear the capsule rather than divide it
In this case the starting point of the cap-
sule lesion does not coincide with the point
of blade application. If inserted too deep-
Iy, the blade will snag the lens contents
and, when moved, will cause motion of
the nucleus and cortex. Thus, proper blade
depth is checked by watching for concomi-
tant movements: In cutting neither the
capsule mor lens contents should move
with the blade,
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The forward shifting rendency
causes the incision to become short-
er than the path traveled by the
blade (Fig. 8.27). Thus, while the
starting point of the incision is
plainly delined, its end point is not.
If precision requires that the inci-
sion reach a specific point, this can
be done only by starting the cut at
that point or by reapplying the
blade there.

The lateral shifting tendency is a
factor whenever the guidance path
of the blade does not coincide with
its preferential path (see Fig, 2.60),
Such discrepancies are scarcely
avoidable when the blade is intro-
duced through a narrow limbal ac-
cess opening (Fig. 8.28).

Both shifting tendencies depend
on the sectility of the capsule. Be-
cause the capsular tension dwindles
as the cut proceeds, both tendencies
increase with the length of the inci-
sion. If the capsule becomes so lax
that it can no longer be cut with
a blade, the capsulotomy is com-
pleted with a scissors or by tearing.

Tearing the Lens Capsule

In this method the function of the
capsulotomy instrument is to grasp
rather than divide the tissue. The
division is accomplished by sub-
jecting the capsule to excessive ten-
sion. This is the basic feature that
distinguishes capsulotomies per-
formed by tearing as opposed 1o
cutting: the cystilome acts as a
blunt instrument and is conmected 1o
the capsule in such a way that mo-
tion of the instrument elicits mozion
of the capsule,

The main problem in tearing is
control. Given the absence of prede-
fined rupture lines in the capsule,
the cleavage process is influenced
by the relative tensions that devel-
op, and these can change constantly
as the capsulotomy proceeds. Even
the site of the initial tear cannot be
predicted with accuracy; it occurs




Fig. 827, Capsulotomy by cutting; EfTect
of forward shifting tendency on length of
cut. Lefi: Motion of the cutlling edge;
righs: Result,

a Eifect of forward shifting tendency on
a straight incision: The resulting cut is
shorter than the path traveled by the cut-
ting edge.

b Effect of forward shifling tendency on
a lateral extension of the capsulotomy:
The lateral extension is considerably
shorter than the path traveled by the cut-
ting edge, because the primary incision
had made the capsule more lax than in a.
If the capsule is s0 lax that it cannot be
cut at all, the ends of the pnmary incision
will tear toward the periphery (analogous
io Fig. 8.28¢).

¢ Forward shifting is avoided by initiating
the extension away from the primary cap-
sulotomy, in tissue that 13 more tense, and
carrying it toward the main incision. The
length of the cut then equals the path tra-
veled by the cutting edge

Fig. 828, Capsulotomy by cutting: Effect
of lateral shifting tendency on direction of
eutl. (Illustrated for a discission knife.) Red
arrow: Guidance path; hatched line: Pref-
erential path; black arrow:; Dircction of
resulting cut.

a Culting the capsule with a straight pull-
ing motion: The incision starts at the point
where the blade is applied. The guidance
path is congruent with the preferential
path, so the direction of the incision fol-
lows the path of the cutting edge.

b Lateral sweep with the blade angled: IF
the knife is swept laterally, the guidance
path forms an angle with the preferential
path. The asymmetric resistances produce
a lateral shifting tendency, and the capsu-
lotomy deviates in the direction of the cor-
neal incision.

¢ Lateral sweep with the blade upright:
In this maneuver the blade behaves as a
blunt instrument, so the capsulotomy is
made by tearing rather than cutting. The
capsule will tear into the zonule at right
angles 1o the direction of blade motion.

d Circular incision made by constantly
realigning the preferential path with the
guidance path: The stem must rotate
through 360° in order to make a circular
incision. Given the limited space available,
this is possible only if the stem is very
short. The capsulotome pictured here (in-
sef) has an extremely short stem connected
o the handle by a swivel joint. The stem
can rotate through a full circle even when
the handle has been inserted through a

small opening

Anterior Capsulotomy 4
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Fig. 829, Capsulotomy by tearing

a Initial tear. The cystotome is pressed
against the capsule, this working motion
serving to produce a high frictional resis-
tance between the instrument and capsule
(= grasping). Pulling the cystotome (guid-
ance motion) ingreases the tension of the
capsule until it gives way. This tension is
transmitted to the zonule; if that is the
area of least resistance, the zonule will tear
instead of the capsule.

MNote: Because the tear can imitiale any-
where between the attachment of the #on-
ule and the site of instrument contact, the
instrument should be applied farther away
from the zonule for wearing than for cut-
ting.

b When tension (red arrew) is applied par-
allel to the capsule surface, the tear will
extend (Mack arrow) at right angles to the
direction of pull (inser). Thus, a tear run-
ning parallel 1o the lens border (fefi) will
not turn centripetally when tension 15 di-
rected toward the center of the capsule,
but will extend laterally toward the zonule.
The tear is redirected {right) by pulling the
capsule parallel to the border of the mital
tear {i.c., at right angles to the new direc-
tiom in which the ear is o extend).

¢ If the capsule is reflected as it is torn
free (fmser), the tear will proceed in the
direction in which the reflected flap is
pulled (deft). With this technique it is easier
to control abrupt direction changes
{cenrer), and il is possible to produce a
circular capsulectomy (rigfi)

somewhere between the point of ap-
plication of the instrument and the
line of attachment of the zonule
(Fig. 8.29a).'"® The direction of ex-
tension of the tear is also difficult
to predict, for it does not follow the
guidance motions of the instru-
ment. The fibers rupture in the di-
rection of the highest tension, so the
tear exiends at right angles to the
direction in which the capsular tis-
suc is pulled (Fig. 8.29b). Once a
tear starts o extend in a particular
direction, it tends to maintain that
course."” When a tear must be
abruptly redirected, the best pre-
cision is achieved by reflecting the
mobilized part of the capsule as the
tear proceeds (Fig. 8.29¢).

Thus, it is not possible to control
precisely the starting point, end
point, or direction of the “blunt™
capsulotomy (Figs. 8.30 and 8.31).
Mone of these guantitics correlate
closely with the position or motion
of the capsulotomy instrument, so
none can be estimated from the be-
havior of the instrument.'® Close

1% The site of the initial tear depends in
part on the speed of the tearing motion,
The faster the instrument is pulled back,
the greater the likelihood that the tear will
imitiate close to the point where the instru-
ment 15 applied.

7 Enlargement of a tear in the initial di-
rection must be anticipated when the cap-
sullar tension is diffusely increased, as dur-
ing delivery of the nocleus or a sudden
elevation of the wvitreous pressure (sec
Figs. 8.2 and 8.26).

1t is especially dangerous o attempl Lo
grasp and tear off tags of capsule with an
aspiraling cannula. Neither the direction
nor the force of the traction can be con-
trolled, for the traction is produced not
just by guidance motions (which can be
controlled by the operator) but also by
the suction n the cannula.
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Fig. 8.30. Triangular capsuleciomy by tear-
ing

a Pulling the cystotome back from the ini-
tial gap creates a tear extending in two
directions (see Fig. 8.29a), and a triangu-
lar defect is formed. With continued trac-
tion, there is a great danger of extension
into the zonule (arrows).

b This is avoided by redirecting the tears
al the proper point, As this is difficult to
accomplish by tearing alone, it is safer to
cut the corners of the tnangle with a
scissors or a small, sharp knife (a knife
is moved toward the preexisting tear as
shown in Fig. 8.27¢). With the comers
thus redirected, the triangular flap can be
pulled toward the center of the pupil.

¢ To enlarge a triangular capsulectomy, it
iz not advisable to tear from the existing
opening  toward the periphery, as this
would risk extension of the tears into the
ronule.

d Instead the cystotome is reapplied out-
side the capsulectomy and pulled centripe-
tally toward the existing capsular defect

Fig. .31, Removal of capsule tags by tear-
ing

a If the small tears Manking the tag are
both oriented radially, traction in any di-
rection, even centrpetally (fnser), has com-
ponenis that would extend the tears to-
ward the lens equator. Triangular tags of
this kind are better not be removed by
tearing. '*

b If the end of the tear at the flap is angled
parallel to the lens equator, the Lag 15 casi-
Iy removed by centripetal traction (see
Fig. 8.29b)

YA sudden tug toward the center of the
lens would offer the best chance of success
but 15 dangerous in this situation because
of the peripheral location of the tag. A
sudden tug with forceps, if not successful
at first attempt, would tear the capsule
into the zonule.
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Fig. 8.33. Angled discission knives. Angu-
lated discission kmives behave as sharp in-
struments only when pulled backward, as
the cross-section of the blade indicates (-
fow). They are blunt when moved lorward
or laterally

visual monitoring, then, is essential
when tearing is employed.?® The
surgeon should not only focus his
attention on the tear and its exten-
sion but should also observe the rim
of capsule that is left adjacent to
the zonule. Motion of this area sig-
nifies an interference with the cleav-
age process which, if neglected, may
cause damage to the zonule.

A2

oo

Fig. 8.34. Injection cannula as a cystotome.
A cannula bent sharply at the tip makes
an excellent cystotome, A cross-section
through the tip (befow) shows that it be-
haves as a sharp insirument when moved
laterally and as a blunt instrument when
advanced or withdrawn

Methods of Capsulotomy

The difficulties of controlling a cap-
sulotomy performed by cutting or
tearing are compounded by the fact
that it is often difficult to predict
whether the capsulotomy instru-
ment will cut or tear the capsule in
a given situation,

Fig. 8.32. Straight discission knife. Straight
discission knives behave as sharp instru-
ments when moved forward as well as lat-
erally. They do not divide tissues when
pulled backward (fefow). Nare: I the
cross-sections of the blade and stem (gray)
are of equal surface, the knife is suilable
for use in a no-flow system, since it can
be advanced and withdrawn without caus-
ing aqueous loss. (scc Fig. 2.4b)

One factor is the instrument de-
sign. Any blade will exert a sharp,
cutting action only in certain direc-
tions while producing a blunt, tear-
ing action in all other directions
(Figs. 8.32-8.34).

Another factor is the loss of sect-
ility that occurs with diminishing
capsular fension. It 15 important,
therefore, to maintain a high cap-
sule tension for as long as possible.
On the one hand, this means main-
taining the tension of the dia-
phragm as a whole and preventing
a general fall of intraccular pres-
sure by using the capsulotomy in-
struments in a no-outflow system
(Figs. 8.35, 8.36b) or a controlled
outflow system (Fig. 8.36¢). On the
other hand following the initial in-
cision, capsule tension is main-
tained by preventing the premature
discharge of lens matter. This is
achieved by occluding the capsulo-
tomy opening with air or viscoelas-
tic material (Fig. 8.37). Despite
these measures, the capsule will still
tend to become increasingly lax and
less sectile as the capsulotomy pro-
ceeds. That is why a perfect circular
excision is difficult to achieve even

* Mote: Optical phenomena in the under-
lying cortex may interfere with visual
monitoring of the capsule. They are much
more conspicucus under coaxial illumina-
tion than the subtle changes in the thin,
transparent capsule and may hamper re-
cognition of the capsular border. The lat-
ter is most easily identified by injecting
air into the anterior chamber, as this
brings out reflexes that help define the
slightest irregularnties on the lens surface.



Fig. 8.35. Insertion of discission knives in
a no-flow system. Instruments used in a
no-flow system must be inserted so that
the cross-section of the opening in the an-
terior  chamber precisely matches  the
cross-section of the instrument shaft. It is
not sufficient for the blade to have the
appropriatc dimensions (sce diagram in
Fig. 832, rop); addiionally the blade
must be guided so that it docs not enlarge
the opening,

a Discission knives with two cutting edges
are advanced precisely along their axis.

b Discission knives with one cutting edge
are guided along the blunt back of the
blade, so ihey are inseried on a curved
path. Mote the different angle of applica-
tion (compared with a): The point is di-
rected obliquely toward the back of the
blade.

¢ If the blade were inserted in line with
its own axis, it would be deflected by ils
blunt back (dashed fine). Any counterma-
neuvers intended to keep the knife on the
desired path {arrow) would produce a high
resistance and deform the wound area

8.36 b

Fig. 3.36. Inserting an injection cannula
with an angled tip

a The cannula is applied obliquely for in-
sertion and is not straightened until the
tip is inside the anterior chamber,

b Inscrtion in a no-flow system. The tp
cuts its own path, so it must behave as
a sharp instrument. The tip is applied per-
pendicularly and 35 thrust into  the
chamber. Thus, the obliquity of the stem
on insertion (i.e., the angle a between the
stem and a perpendicular to the tissue sur-
face) is determined by the degree of angu-
lation of the tip. Mote: To reduce the resis-
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tance on inscriion a preliminary partial
thickness incision may be prepared.

¢ For insertion through a wide incision,
the cannula is held in a “blunt™ position:
The blunt face is leading, and the tip
poinls away from the chamber. The onlice
is directed toward the anterior chamber
so that fluid can be infused through the
cannula immediately afier entry,

Large arrow: Guidance direction of can-
nula.

Small arrow: Direction of tip (= preferen-
tial path)

Fig. 8.37. Preservation of capsule fension
by using viscoblockade to maintain pressure
in the capsular bap. Viscoelastic material
15 placed over the capsulotomy to keep the

liquefied lens contents from cscaping. This
maintains the sectibty of the capsule and
facilitates visual monitoring for continu-
ing the capsulolomy
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Fig. 8.38. Performing the eapsulotomy in
mini-steps. Mulliple, separate capsuloto-
mies of minimal length eliminate the prob-
lems associated with a long travel paih of
disgission instruments. The excision can be
made circular or any shape desired using
the mini-step technique, The perforations
can be placed so close together that a con-
tinuous capsulotomy is obtained (lef1). Al-
ternatively, intact tssue bridges may ini-
tially be lel between the perforations so
that capsule tension is maintained along
the whole circumlerence (right)

Fig. 8.39. Mini-step capsulotomy with an
up-and-down action of an angled cannula
tip. The cannula cystitome is bent as
shown in Fig. £.34. The amplitude of the
downstroke is necessarily small due to
space limitations. Whether this is adequate
1 perforate the capsule depends on
“sharpness,” i.c., on the cutting ability of
the instrument and the sectility of the cap-
sule {capsular tension). The resistance to
perforation of the capsule also depends on
the condition of the cortex. If the surgeon
attempts to compensate for poor sharp-
ness by increasing the amplitude of the up-
and-down motion, tension will be exerted
on the zoniile
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Fig. 840, Mini-step capsulofomy by axial
rotation of the cannula. Placing the blunt
side of the cannula tip onto the capsule
produces friction that helps hold the cap-
sule in place and improves its sectility (in-
set, fefty. As long as just the pointed tip
of the cannula penetrates the capsule, a
culting effect is achicved. But if the cannu-
Ia is rotated Further, the capsule is acted
upon by the blunter sides of the bent tip,
and a learing action may result (inser,
righr)




when an extremely sharp cystotome
is used.

Since the difficulties of the proce-
dure correlate with the length of the
capsulotomy, they can be reduced
by subdividing the procedure into
multiple mini-steps. The smaller
each individual step, the less it mat-

ters whether the tissue is cut or torn
(Fig. 8.38). The “mini-step” capsu-
lotomy can solve the problem of di-
minishing capsule tension by leav-
ing intact tissue bridges between the
perforations that outline the piece
of capsule to be removed. The indi-
vidual cuts are then joined together

>
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Fig. 8.41. Mini-step capsulotomy with a
lateral sweeping motion of the cannula tip.
The tip behaves as a sharp instrument
when moved laterally, so small incisions
are produced. Cutting roward the center
of the capsule (i, 3) places stress on the
zonule, but if the zonule is sufficiently re-
sistant, tension adequate for the capsulo-
tomy exists around the whole circumfer-
ence of the lens. Cutting away from the
center of the capsule (2) relieves stress on
the zonule, but the tension for the cutting
action dwindles as the capsulotomy pro-
ceeds. This places greater demands on the
cutting ability of the instrument.

Naote: Long incisions usually cannot bhe
made because of diminishing capsule ten-
sion. That is why multiple small incisions
are preferred even along the upper and
lower circumference of the capsulotomy,
where theoretically longer incisions could
be made. Note the sequence of the mini-
culs in the diagram on the right!

Fig. #.42. Mini-step capsulotomy with for-
ward and backward motions of the cannula,
The cannula tip behaves as a blunt instru-
ment, producing triangular perforations.
Note: In the lateral perforations, there is
a danger of tearing into the zonule (arrows
in the diagram on the right)

Fig. £.43. Mini-step capsulotomy with radi-
al perforations of the capsule. When radial
guidance motions are used, the cannula
cuts the lateral portions of the capsule
while tearing the upper and lower portions

by a tearing procedure in a second
step. Mini-step capsulotomies are
illustrated in Figs. 8.39-8.43.

Low sectility can be compensated
for by using fast, jabbing motions
of the cystitome. Control problems
are managed by keeping the ampli-
tude of the motions very small. This



<

245 Operations on the Lens

Fig. 8.44. Anterior capsulectomy with for-
ceps

a The forceps jaws tear out the tissue that
15 gripped between them,

b When closed, the jaws are smooth exter-
nally and can be maoved about safely with-
in the anterior chamber.

¢ For grasping, the sharp teeth are pressed
into the lens so that their preferential
paths {arrows) are nearly perpendicular to
the capsule surface

Fig. 8.45. Anterior capsulectomy with
MiCroscissors

a. b When introduced through a small ac-
Cess opening, one microscissors with a 45°
angulation can make a diamond-shaped
capsulectomy. Two parallel incisions are
made with the scissors held one way (a),
then the instrument is turmed over o make
the two remaiming ncisions (h).

¢ When greater access is available, a arcu-
lar capsulectomy can be made by cutling
half the circle (sofid fine), turning the
scissors over, and cutting the remaining
half (broken line)




can be done, for example, by rotat-
ing the cystitome about its own axis
(Fig. 8.40). A more technically el-
aborate solution is the ultrasound
cystitome,

Toothed capsule forceps automat-
ically tense the capsule upon clo-
sure {(Fig. 8.44). Control is difficult,
however, because the area of jaw
contact and thus the pressure on the
capsule are difficull 1o define.
Therefore one cannot predict
whether the forceps will exert a cut-
ting or tearing action in a given sit-
uation, and whether the capsule or
the zonule is more likely to give
way.

A wery precise instrument for
capsulotomies is the microscissors
(Fig. 8.45). Because each blade
meets an opposing surface, scissors
can always cut withoul learing, re-
gardless of the capsule tension. Mi-
croscissors are especially indicated
when tearing must be avoided, ¢.g.,
when the resistance of the zonule
is presumed to be low3!' or an
abrupt change of direction is re-
quired, **

8.3.2 Delivery of the Nucleus

The maneuvers for delivering the
nucleus, like those for removing the
entire lens, consist of mobifization
(nucleolysis), alignment, and loco-
mation, However, many more tech-
nical variations are possible in de-
livery of the nucleus due to the
great variability in the size, com-
pactness, and surface characteris-
tics of the nucleus and the stress tol-
erance of the diaphragm. Basically
the nucleus is more difficult to
grasp than the intact lens, and its
surface is rougher. On the one
hand, this means that the exrernal
resistances (friction) are higher, so
greater forces may be needed to ef-
fect the delivery; on the other, the
internal resistances (compaciness)
are lower, so the direct application
of forces to the nucleus is less effi-

cient. Locally applied lorces (e.g.,
hooks, forceps, or cryoprobes) act
upon the whole nucleus only if its
internal resistance to dissociation 1s
greater than the external, frictional
resistance to motion of the nucleus.
This means that control of the de-
livery not only involves controlling
the force applied 1o the nucleus but
is especially concerned with reduc-
ing frictional resistance at the sur-
face of the nucleus. **

Nucleolysis

The nucleus and cortex do not form
discrete anatomic structures, and
(in contrast to the zonule in the in-
tracapsular delivery) there is no del-
inite cleavage plane separating the
part to be removed from structures
that are to be left behind. The
boundary, rather, lies somewhere in
a zone of gradually increasing com-
paciness, and the lecation of the
cleavage plane for a given tissue
structure will vary according to the
nature of the applied forces (i.e.,
site of application, magnitude, di-
rection, and velocity).

Delivery of the nucleus is in-
fluenced not only by the propertics
of the nuclens but also by the prop-
erties of the cortex. If motion of the
nucleus exerts pressure on the cor-
tex, the cortex will act as a cushion
over the lens capsule. A thin or
noncompliant cortex increases the
danger of capsular damage when
the nucleus is moved. A thick, com-
pressible cortex enhances the safety
of the nucleolysis, but all molions
must be performed slowly enough
to allow sufficient time for any
compression or yielding of the cor-
tex to occur.

If motion of the nucleus exerts
tractionn on the cortex, remaining
tissue attachments may transmit the
forces to surrounding structures
(capsule, zonule). The nherent
dangers decrease as the nucleolysis
proceeds. The surgeon confirms
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completion of the nucleolysis by
noting that motion of the nucleus
no longer elicits motion of the cor-
tex or capsule. **

The force needed to mobilize the
nucleus depends on the ease with
which the attachments between the
nucleus and cortex can be divided.
This in turn depends on the differ-
ence in consistency between the
part to be removed and the part
that is to remain. If the consistency
difference is large, applied lorces
will act locally at the plane of sepa-
ration. But if the nucleus has a soft
consistency similar to the cortex,
the effects will be distributed evenly
over 4 large tissue volume, and sub-
stantial force must be used to ob-
tain a local separation (Fig. 8.46).

The direction of motion of the
nucleus can be precisely controlled
by the direct, localized application
of forces. Using lateral motions 1o
effect nucleolysis alters the volume
distribution inside the capsular bag.
Because some parts of the cortex
are stretched and others are com-
pressed, the amplitude of the lateral
motion is limited by the compliance
of the cortex (Fig. 8.47a). By con-
trast, rotation of the nucleus does
not affect the cortical topography.
An “infinite™ excursion is possible.

1 After a prior vitrectomy or when there
is risk of subluxation (¢.g., in pseudoexfo-
liation syndrome or after trauma).

22 Abrupt direction changes must be made
when a tear threatens to spread into
danger zonmes and a sharp-angle course
correction is required, Examples are trian-
gular flaps that tear into the zonule (see
Fig. £.30b) and partially divided tags of
capsule (see Fig. 8.31b).

23 E.g., by enlarging the capsulotomy, en-
larging the pupil (see Figs. 7.36-T7.38), ex-
tending the corneal incision, wsing glides
to avoid enlanglement with obstructions,
or by reducing friction with viscoelastic
lubricants.

*2 Thus, the safety of the nucleolysis is
monitored by  walching the capsule
border. Any concomitant motion signifies
possible foree transfer to the zonule.
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Fig. §.46. Mucleolysis by the indirect appli-
cation of forces

a Expression of a well-demarcated nucle-
us with a much harder consistency than
the cortex (rop). If the posierior capsule
is driven forward and deformed by a rise
of pressure in the vitreous, it will produce
a similar deformation of the cortex. The
hard nucleus is not deformed, however,
and the geometric discrepancy between the
nucleus and cortex leads to rupture of the
connections (fortom),

b Expression of a soft nucleus having a
consistency similar (o that of the cortex
(rop). The nuclens also deforms in re-
sponse to deformation of the cortex. As
a result, tension on the connections is
spread over multiple layers, and the ten-
sion in any one laver is insulficient o el-
fect fiber rupture (cerrer). The deforma-
tion must be markedly increased (i.c., the
vitreous pressure must be further in-
creased) to produce the critical tension
necessary for rupture of the connections
(Berttorm)

The resistance to the rotation is
very high, however, because all the
attachments are stretched simulta-
neously. The resulting danger of
force transfer to the zonule can be
reduced by starting the rotating
maneuver at a small amplitude and
gradually increasing the amplitude
as the nucleus becomes loose
(Fig. 8.47).

When lorces are applied diffusely,
the nucleus is mobilized by pres-
sure. The pressure may be produced
ambiently in the vitreous chamber
(nucleolysis by expression), or the
pressure within the capsular bag
alone may be increased by injecting
fluid between the nucleus and cor-
tex (nucleolysis by hydrodissection).

MNucleolysis by expression is al-
ways combined with [locomotion.
The cortex is simultaneously loos-
ened, facilitating subsequent corti-
colysis. The mancuver always af-
fects a large ambient tissue volume
due to the general pressure rise in
the vitreous  chamber (see
Fig. 1.42). The maximum atlain-

able pressure level depends on the
resistance of the zonulocapsular di-
aphragm, whose integrity is an es-
sential prerequisite for nucleolysis
by expression. 2°

2% Thisz method is contraindicated if the
zonule has been weakened as a result of
trauma, pseudoexfoliation, or previous vi-
treciomy close to the zonule.



Fig. 8.47. Mucleolysis by the dircct applica-
tion of forces, Top: Cross-section through
the nucleus; center: Top view of the nucle-
us; bottom: Diagram of motion.

a Lateral motion: The nuclens is engaged
with a cvstitome whose blade offers the
highest resistance when moved larerally
(1.e., whose fateral surfaces are blunt, sce
inser). The lateral motion of the nucleus
rupturcs the connections between the nu-
cleus and cortex on one side ; on the oppo-
site side pressure is exerted on the cortex,
which is either compressed or pushed
aside. Hortomr: The arc of a swiveling mo-
tion about a pivot at the entry sile (red
arraw) is nearly congruent with the direc-
tiom of the lateral shift of the nucleus it
should produce.

b Retation: The nucleus is engaged with
the bent tips of infusion cannulas that act
as blunt instruments when oedvanced or
withdrawn (see inser), and the nucleus is
rotated Lo rupture its cortical attachments,
Tension is exerted all over the cortex, but
no pressure, The volume distribution with-
in the capsular bag remains unchanged,
Bottonr: A swiveling motion of the cysti-
tome produces a rotational movement
about the entry site, but the true goal of
the mancuver is rotation about the center
of the nucleus (which has a much smaller
radius), The arcs of both movements coin-
cide for only a short distance {4). There-
fore, rotation with only one cystitome
should be done in very short increments,
since larger movements would place undue
stress on the zonule, Maintaining the axis
of rotation at the center of the nucleus
is made easier by the simultaneous use of
Lwo cystitomes
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Fig. 8.48. Mocleolysis by hydrodissection,
basic technigque.

a A cannula is passed through the capsu-
lotomy into the interior of the lens. Fluid
injection creates a pressure chamber in the
potential space entered by the cannula
opening.

b Longitudinal section. The pressure that
can be produced in the pressure chamber
is limited by the quality of the seal around
the cannula, This depends largely on the
sizz of the capsule opening, the ability of
the cortical substance to form a scal
around the cannula, and the kength of cor-
tex traversed by the cannula {A). As pres-
sure builds up n the oewly created
intralenticular pressure chamber, it com-
presses the cortex and presses it against
the capsule

-

Fig. B8.49. MNucleolysis by hvdrodissection,
practical application.

a Cross-section. Lefi: The cannula open-
ing faces laterally in the target laver so
that the Muid can spread along the lens
fibers. fmser: For mjection toward the op-
posite side, the cannula s turmed () and
pressed tighily against the ibers on that
side (2). Righr: This allows fluid to drain
from the previouwsly injected chamber.
Meanwhile a new seal s established
arcund the cannula for the second injec-
tion, increasing the outflow resistance so
that a new pressure chamber can form.

b If, in comtrast to a, the cannula were
inserted superficially with 1is opening [ac-
ing the capsule, hydrodissection would ef-
fect a corticolysis instead of nucleolysis*7

The effects of hydrodissection, by
contrast, are confined to the capsu-
lar bag. The injected fluid creates
an artificial pressure chaniber be-
tween the nucleus and cortex, which
ruptures the connections through
its expansion (Fig. 8.48a). The
maxinm atiainable pressure level 1s
limited by the resistance of the cap-
sule alone. *® This Mactor also limits
the volume of fluid that can be in-
jected. It may be necessary Lo re-
move fluid from spaces already
created before more Nuid can be in-
jected into new regions (Fig. 8.49).
The pressure level attainabie in prac-
fice depends on the outflow resis-
tance, i.e., on the quality of the scal
around the injection cannula
(Fig. 8.48b). The injection of wa-
tery fluid for hydrodissection ex-
pands the interspaces among the
lens fibers and merely loosens the
nucleus, requiring that other means
be used to compleie the nucleoly-
sis.*® A complete and continuous
corticonuclear interspace can be
formed by the injection of viscoelas-
tic materiaf. **

A major difference between nu-
cleolysis by hydrodissection and the
other methods is that hydrodissec-
tion does not loosen the cortex, but
presses it firmly against the capsule.
As a result, the corlex can pose an
additional obstacle to subsequent
delivery of the nucleus unless a pre-
liminary “corticotomy™ is carried
out.
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Aligning the Nucleus for Delivery

Whereas the proper lens alignment
for an intracapsular delivery is de-
termined by the location of gaps in
the ronule, the optimum alignment
of the nucleus in an extracapsular
delivery 1s determined largely by the
frictional resistances between the
rough nucleus, the adjacent tissue
surfaces, the pupil margin, and the
incision. The rationale for minimiz-
ing these resistances is to increase
the mobility of the nucleus, thereby
reducing the force needed for its de-
livery.

* The condition of the zonule is irrelevant
in this method. Hydrodissection is appro-
priate for the foregoing cases where ex-
pression would be contraimdicated.

T This achieves the opposite of the
planned nucleolysis, which aims at sepa-
rating the nucleus from the cortex to facili-
tate the delivery. Instead, it is likely that
the coriex will come away with the nucleus
when the delivery is attempted, and the
larger volume will compound the difficulty
of negotiating the capsulotomy, pupil, and
corneal ingision,

8 Nucleolysis by hydrodissection is most
efficient if combined with simultaneous lo-
comotion so that the necleus can move
forward while being loosened. I this is im-
possible, as in endocapsular procedures,
hyvdrodissection is less efTective.

** The reflux resistance of viscoelastic ma-
terial being very high, there is a danger
of excessive capsular tension and rupture
dunng mjection, This can be reduced by
initiating the hydrodissection with watery
fluid, allowing the fluid to drain, and then
separating the remaining fiber attach-
ments with viscoelastic matenial,
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Fig. 8.32. Delivery of the nucleus by sliding
with clevation of the corneal lip

a The lower expressor (4) performs an
aligning function by restricting upward
motion of the inferior pole of the nueleus.
The upper depressor (F) is applied to the
sclera and raises the vitreous pressure.

Fig. 8.50. Locomotive and aligning function
of expressors. Depressors applied to the
limbocorneal area serve mainly to align
{A) the emerging nucleus, while depressors
applied more posteriorly to the sclera (F)
exert pressure on the wvitreous chamber
(see Fig. 1.42c) and mainly support loco-
moiion of the nucleus

Fig. 8.51. Tumbling the nucleus for delivery
by expression

a The locomotor depressor P is placed in-
feriorly on the sclera so that it docs not
hinder the tumbling maneuver. Superiorly
the aligning depressor A 15 applied to the
limbocorneal zome (o restrict upward
movement of the superior pole of the nu-
cleus,

b While gliding with its smooth posterior
surface past the undersurfaces of the ins
and cornea, the nucleus moves away from
the iris and cornea (fmser)

b While the superior pole of the nucleus
is upraised, it glides tangentially past the
undersurface of the iris; but in contrast
to Fig. £.51, it 15 directed toward the iris.
The rough upper surface of the nucleus
faces the corneal hinge fold. The longer
the nucleus glides past this fold (i.e., the
smaller the corncosceral incision and
hence the closer the hinge fold is to the su-
perior limbus), the greater the risk of endo-
thelial injury (see also Fig. 5.20 and 5.21)
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Fig. 8.53. Delivery of the nucleus by sliding
with depression of the lower lip of the corme-
al wound

a Both depressors are applied at the lower
wound lip. One depressor (4) is applicd
close to the limbus and depresses the lower
corneal wound lip to align the nucleus. A
second depressor applied to the sclera ()
serves o regulate the pressure.

b The nucleus is expelled horizontally. If
the pupil is not wide enough it engages
directly against the posterior surface of the
iris (imser). The resistance there is over-
come either by retracting the iris with a
small hook or by switching momentarily
to the technique in Fig. 8.52, Le., depress-
ing the inferior pole of the nucleus o raise
the superior pole (sce also Fig. £.59d)

In delivery by tumbling, the oppo-
site pole of the nucleus presents
first. As the nucleus is tumbled to-
ward the incision, it slides tangen-
tially along the iris and posterior
corneal surface. There is relatively
little friction, however, because the
nucleus moves away from those tis-
sue surfaces and because it presents
its smooth posterior face to them
(Fig. 8.51).7%°

The pathway for a sliding delivery
is cleared either by lifting the upper
corneal wound lip or by depressing
the lower lip. Raising the corneal
wound margin involves less rota-
tion of the nucleus than tumbling

(Fig. 8.52). Significant iris friction
can oceur in this maneuver, because
the nucleus moves foward the iris
as it glides along its posterior sur-
face. Friction with the posterior
corneal surface is a risk if the cor-
nea buckles into a stiff hinge fold
that scrapes against the rough sur-
face of the nucleus.

In sliding delivery by depression
of the lower lip of the incision, the
nucleus is not rotated from its ana-
tomic level, and it does not touch
the posterior corncal surface
(Fig. 8.53). I the pupil is large, re-
sistance to the delivery is very low,
But if the pupil is small, the nuecleus
may move directly toward the pos-
terior iris surface and become en-
tangled there.

The alignment of the nucleus can
be controlled directly in exrracrion,
In expression it is controlled indi-
rectly by increasing or decreasing
the resistance along specific paths.
Thus, the instruments used in the
expression serve lwo funclions: Lo
supply the forces necessary [or lo-
comotion, and to control the direc-
tion of lens motion. Which effect
15 predominant depends on the site
of instrument application (Fig.
8.50).

With regard o the choice of
alignment in a given case, the rum-

bling maneuver is facilitated by a
nucleus  that is  approximately
spherical. Tumbling may be consid-
ered if the incision is placed well
corneally, for in this situation tum-
bling will produce less friction than
a sliding delivery with elevation of
the corneal flap. The sliding deliv-
ery with depression of the lower
wound [lip creates the least [Tiction,
provided the pupil is large.

Viscous or viscoelastic materials
can be applied as surface coatings
to reduce friction. Viscoelastic ma-
terial can also be used as a perma-
nent spatula to retain the nucleus
in a given alignment even while the
expressors are being removed,

¥ The anterior side of the nucleus may
be rough from the previous manipula-
trons, But the posterior side has just been
detached from the cortex and has a
smoother surlace.
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Locomotion

Locomotion consists of two phases:
passage through open spaces and
passage through narrow openings.
As each phase involves different re-
sistances, each requires the applica-
tion of different locomotive forces.

When the nucleus passes through
open spaces in the eye, the resis-
tances to locomotion are negligibly
small, so minimal force is required.
By contrast, the delivery encounters
high resistance at narrow openings,
so much larger locomotive forces
are required. The major difference,
however, is that the nucleus be-
haves as an independent loose body
while in open spaces and moves only
when the forces are applied to the
nucleus itself. But in narrow open-
igs the nucleus effectively becomes

part of the wall of the compart-
ment, SO mMovements raise spacc-
tactical problems that require the
proper coordination of pressure
and resistance. Forces no longer act
just on the nucleus, but in all por-
tions of the compartment. Both
phases may occur in a sequential,
alternating fashion (Fig. & 54),

In locomotion by extraction, the
nucleus is grasped with locally ap-
plied instraments such as hooks, for-
ceps, suction cups, or cryoprobes.
Extraction is easily accomplished
through open spaces even with a
nucleus of low compactness. But
extraction through narrow open-
ings may produce a negative pres-
sure in the chamber from which the
nucleus emerges. This vacuum in-
creases the resistance 1o locomotion
through the narrowing, in which

Fig. 8.54. Sequence of pressure phases dur-
ing locomotion

a Schematic representation of the delivery
path from the pressure chamber of the
capsular bag (P} through the capsulo-
tomy (F.,) inte the retropupillary pressure
chamber (I}, through the pupil (R,) into
the anterior pressure chamber (P,), and
through the incision (R,) 1o the outside
into the *atmospheric pressure chamber™
(Posm=10).

b When there are narrow openings along
the path of the delivery, phases of low
pressure will alternate with phases of high-
er pressure. Locomolion through narrow
passages is driven by the pressure gra-
dicints between the vilreous space, anlenos
chamber, and the outside environment.
For locomotion through open spaces,
other forces (1e., extractors) must act on
the nucleus to move it forward.

¢ When the openings along the delivery
path are large, all locomotion involves a
“pressurcless”  passage  through  open
SPaces
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Fig. 8.56, Stresses on the posterior lens
capsule in the various phases of expression.
Top row: High-pressure phases through
narrow openings; the posterior capsule
(L. C.) 15 not exposed to a pressure differ-
ential. Boriom row: Low-pressure phases
through open spaces; the posterior capsule
15 exposed 1o a large pressure dilferential,

AP,,..=0

TR

a Nucleus in the capsular bag.

b Passage of the nucleus through the cap-
sulotomy.

¢ Mucleus in the retropupillary chamber.
d Passage through the pupil.

>
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Fig. 8.55, Space-tactical aspects of delivery
by expression. The pressure in the vitreous
chamber (P,) is higher ihan the pressure
n the anternior chamber (P,).

a Il the capsulotomy or capsulectomy is
large, the outllow resistance from the cap-
sular bag (which behaves here as a precap-
sular chamber) 18 zero, and the pressure
in the precapsular chamber (P} equals the
pressure in the anterior chamber P, (when
the anterior chamber is open, it equals the
outside pressure P,=0), Thus, the pres-
sure in the space in front of the posterior
lens capsule is Py, and P, behind ii; the
posterior capsule is exposed to the full ef-
fect of the pressure differential.

b With a small capsulotomy, the emerging
nucleus can occlude the opening. Since the
pressure in the precapsular chamber can
equal the vitreous pressure up to the mo-
ment al which the largest cross-section of
the nucleus emerges through the capsulo-
tomy, the posterior capsule is not exposed
to a pressure differential until that mo-
ment

B '*I'P aps = 0

¢ Mucleus in the anterior chambser.
I Passage through the corneal incision.

g Completion of locomotion. The nucleus
is mow oulside the eye
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Fig. .57, Space-tactical aspects of irriga-
tion for expulsion of the nucleus. The pres-
sure in the anterior chamber (P} during
irrigation is greater than that in the envi-
ronment and greater than or equal to that
i the vitreous chamber (P).

a, b Injection into the capsular bag.

¢. d Injection into the anterior chamber.

a Imjection into the capsular bag through
a small capsulotomy: The pressure in the
capsular bag (P.) can exceed that in the
anterior chamber (P,).

b Injection into the capsular bag through
a large capsulotomy : P, equals P,.

¢ Injection into the anteror chamber with
a small capsulotomy: P, exceeds P, and
the capsular bag collapses.

d Injection into the anterior chamber with
a large capsulotomy: P, equals I,

case the nucleus must be very com-
pact for an extraction Lo succeed,

Locomotion by expression in-
volves a rise of pressure in the vitre-
ous chamber, In the phases where
resistance is low, the elevated pres-
sure serves merely to raise the dia-
phragm, thereby reducing the space
available for the nucleus and fore-
ing it to move along paths of least
resislance ; a small pressure increase
will be sufficient. But in the high-
resistance phases where the nucleus
must traverse sites of narrowing, it
is necessary to raise the pressure in
the chamber until it becomes high
enough to forcibly expel the nucle-
us. !

The danger posed 1o the pasterior
fens capsule by this maneuver de-
pends on the pressure difference be-
tween the space in front of the pos-
terior lens capsule (*precapsular
chamber system™)** and the space

behind. This pressure difference in
turn depends on whether the pre-
capsular chamber is part of the vit-
reous pressure system or part of the
anterior-chamber pressure system

* This is analogous to spitting out a
cherry pit. In the low-resistance phase the
pit is carned through the open oral cavily
1o the lips with the tongue; it may then
e released with slight force if the lips are
separated (i.e., if the diameter of the aper-
ture 15 larger than the pit). Conversely, a
high-resistance phase i produced by
pressing the lips tightly together. Now the
tongue plavs no role in expulsion of the
pit, which is effected by a high pressure
within the oral cavity.

** The entire pressure syslem governing
the pressure in front of the posierior cap-
sule is termed the * precapsular chamber,™
Depending on the resistances at the capsu-
lotomy, the pupil, and the corneoscleral
incision, the precapsular chamber may
comprise the capsular bag, the retropupil-
lary chamber, the anterior chamber, or the
extraocular atmosphere.



(Fig. 8.55). The two locomotive
phases differ in this regard: The
precapsular chamber belongs to the
pressure system  of the anrerior
chamber while the nucleus is pass-
ing through apen spaces, but 11 be-
longs to the vitreows pressure sys-
temn  while the nucleus passes
through narrow apenings.

This [act has several implica-
tions. As long as the nucleus can
occlude the mnarrow opening, the
pressures in the vitreous chamber
and precapsular chamber are equal,
50 the lens capsule is not exposed
to a pressure differential. But once
the nucleus has passed through the
narrow opening, the pressure in the
precapsular chamber falls precipi-
tously, and the posterior capsule is
suddenly exposed to the full eflfects
of the pressure differential (Fig.
8.56). Thus, there 15 no danger to
the capsule before the largest diam-
eter of the nucleus has traversed the
narrow opening, regardless of the
degree of pressure applied. But as
soon as the largest nuclear diameter
emerges, the capsule comes under
tension abruptly and may rupture.

This principle is reflected in the
safety rule for expression of the nu-
clens: The impending danger of
capsule rupture is signified by an
increase in the foree needed for lo-
comotion. The meoment of rupture
occurs just when this force ceases
to be necessary.

The surgeon can anticipate this
danger whenever he tries to compel
locomotion by applying greater
pressure. ** He can reduce the risk
of capsule rupture by discontinuing
the application of force at the
proper time, ie., just before the
largest cross-section of the nucleus
traverses the narrow opening. He
may then enlarge the opening Lo
provide a path ol lower resis-
tance. **

In expulsion, locomotion of the
nucleus is accomplished by fTuid in-
Jecrion (Fig, 8,57), When the nucle-
us moves through an open space,

the motivating force is produced by
the Muid stream and thus obeys hy-
drodynamic laws. But in narrow
openings a pressure chamber forms
behind the nucleus, and this pres-
sure, which derives from the in-
creased  resistance, supporls  the
movement of the nucleus against
this very resistance. The pressures
do not attain the values that devel-
op in an expression, because the ir-
rigation cannula that has been in-
troduced prevents watertight occlu-
sion of the opening. Accordingly,
expulsion carries less danger of pos-
terior capsule rupture. The main
complication in fluid expulsion s
entanglement of the nucleus on sur-
face irregularities along the pas-
sageways. Whereas the volume of
the anterior chamber is reduced in
expression, in expulsion it is in-
creased. This allows much room for
uncontrolled movements of the nu-
cleus, a tendency that may be ag-
gravated by the eddy currents that
form in the forcibly injected fluid. **
Contrel of the expulsion is geared
toward producing a uniform stream
(i.e., avoiding eddy flow by using
a large-gauge cannula) and prevent-
ing entanglement by using a glide
to direct the nucleus toward the in-
cision.

The general safety strategy in lo-
comotion is to minimize the pres-
sure differential at the posterior lens
capsule. Basically this means estab-
lishing at the outset a path of low
resistance for delivery of the nuc-
cleus — a sulliciently large capsulo-
tomy, pupil, and incision - so that
virtually all phases of the locomo-
tion can occur through open spaces
(see Fig. 8.54¢). If that is not possi-
ble, the surgeon must be prepared
to take appropriate measures before
the fargest cross-section of the nu-
clews slips through a narrow open-
ing: he must respond quickly by re-
leasing pressure on the vitreous in
time.
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Examples of Technigques
for Delivering the Nucleus

In contrast to intracapsular deliver-
ies, expression is less hazardous
than extraction in an extracapsular
delivery because the diaphragm is
less vulnerable. Extraction, on the
other hand, is more difficult be-
cause grasping instruments cannot
grip the nucleus as securcly as they
can an intact lens capsule.

The selection of expression or ex-
traction in a given case will depend
on the stress tolerance of the dia-
phragm and also on the compactl-
ness of the nucleus. It may be ap-
propriate Lo use separate technigues
for negotiating the capsulotomy,
pupil, and incision, because the size
(resistance to delivery) and direc-
tion (alignment for delivery) may be
different for cach of these aper-
tures.

The examples in Figs. 8.58-8.60
illustrate extracapsular delivery by
pire expression, pure extraction,
and mixed technigues.

3 The = pressure test™ is an important
monitonng aid [or the instructing surgeon
assisting a novice, By applying a palpating
instrument to the sclera, the surgeon can
detect the pressurc rise, recognize that
danger exists, and give appropnale in-
struction.

* E.g., by extending the capsulotomy, en-
larging the pupil (see Figs. 7.36-7.38), or
enlarging the corncal incision.

* Eddy currenis are most apl 1o form
when a narrow-gauge cannula is used, A
high inflow rate is then needed to develop
a sufficient pressure, and this implics high
flow velooitics,
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Fig. 8.58. Extraction of the nuclens using
two infusion cannulas with angled tips

a Introduction of the instruments: The
cannulas are passed into the anterior
chamber at the center of the incision and
are guided from there in divergent dirce-
tions. The tips face laterally with the blunt
ends leading until the nucleus is reached
(see also Fig. 836c). There the tips are
turned downward.

b The sharp tips are hooked into the mid-
periphery of the nucleus, which 15 mobi-
lized by rotation about its vertical axis (sce
Fig. 8.24d).

¢ The right pole is delivered into the ante-
rior chamber by tipping the nucleus about
a transverse axis. For this the left hook
is pressed downward shghtly, while the
right hook moves upward with the oppo-
site pole,

d Onee the right pole has crossed the iris
plane, the nucleus is shifled to the right
until the left hook is at the center of the
pupil.

& At this point the lelt hook Munctions pas-
sively as an eccentric pivotl for wheeling
the nucleus oul of the eye with the right
hook.

f Review of the extraclion maneuvers.
The letiers correspond to the figure labels
and designate the rotational axes and lat-
eral shifts of the various phases.

Hooles in black : Active force transmitters
Hooks in wiire: Passive hooks
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Fig. .59, Expression of the nucleus wsing
iwo forceps. The nucleus is alipned and ex-
pelled by manipulations al the superior
limbus (see also Fig, 8.53).

a Two forceps placed at the lower lip of
the incision control the size of the opening
and adjust the resistance to passage of the
nucleus,

b Pressure on the lower wound margin
clears the way for a straighl, horizontal
expulsion of the nucleus. In this phase
both instruments perform an aligning
lunction.

¢ Locomotion is effected by angling the
forceps downward and pressing  their
broad surface against the sclera, which
then is indented behind the level of the
diaphragm (see Fig. 8.53a),

d If the nucleus snags on the iris during
the expulsion, one forceps is left in place
to maintain the pesition of the lens by
maintaining pressure. The other forceps
clears the obstruction dircetly by stroking
the iris ofT the superior pole of the nucleus
(fefi} or indirectly by indenting the sclera
at the inferior limbus to raise the pole of
the nucleus so that it can glide past the
undersurface of the iris (righr) (see also
Fig. 8.52h)
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Fig. 8.60. Combined ¢xpression and extrac-
tion techniques (with a lens loop)

a Different types of loop serve different
functions: Lefi: Smooth loop as a glide
for a nucleus delivered by expression:
Center: Serrated loop with back-angled
teeth for extraction ; Righe: Irrigating loop
for expulsion,

b, ¢ The initial phase of the maneuver is
the same for all three instruments: The
nucleus is expressed until its upper pole
engages against the loop,

b Insertion of the loop into the eye. The
front end of the loop is inserted so that
it does not block upward motion of the
supertor pole of the nucleus.

¢ The lower lip of the incision is depressed
with the loop to initiate the expression.
The superior pole of the nucleus glides
onto the loop, which serves both an align-
ing and a locomotive function (analogous
1o the forceps in Fig. 8.5%¢).

d-f Further locomotion differs for each
type of loop.

d Pure expression. Further depression of
the smooth loop elevates the diaphragm
and expels the nucleus ontoe the loop,
which acts as a glide to prevent entangle-
menl of the nucleus in the iris and corneal
ledge.

¢ Extraction. The nucleus is expressed un-
til the teeth of the serrated loop can en-
page its posterior surface. The loop is then
withdrawn, extracting the nucleus.

T Expulsion. The irrigating loop is immao-
bile and maintains depression of the
wound margin, while fluid is injected to
raise the pressure in the anfenor chamber
and expel the nuclens. Note: If expulsion
is done through a small capsulotomy {as
in Fig. 8.57a), the capsular bag will func-
tion as the expelling pressure chamber. Be-
cause the volume of the bag is small and
the resistance at the capsulotomy is rela-
tively high, the volume and pressure of the
injection  required for expulsion are
smaller than with a large capsule opening
(as in Fig. 8.57h)

8.3.3 Phacoemulsification

In phacoemulsification the sub-
stance of the lens nucleus is broken
up into very small particles and re-
moved by aspiration. A phacoemul-
sifying instrument must perform
three functions (Fig. 8.61a): [rag-
mentation of the material (wltrason-
ic vibration), removal of the materi-
al (aspiration), and replacement of
the aspirated volume (infusion).

Because of the heat generated by
the ultrasonic vibrator, the instru-
ment tip is cooled by a fluid stream.
This cooling stream must continue
to Mow even when the aspiration
port is obstructed and outflow
through the aspirating system
stops.?® An uninterrupted flow
therefore requires a reliable owlet
that is independent of the aspira-
tion. A deliberate “leak ™ formed at
the site of insertion of the phaco-
emulsifier may serve this purpose.
Such a communication with the
outside may depressurize the anteri-
or chamber (see Fig. 1.5¢) and
there is a danger of chamber col-
lapse unless the cross-section of the
outlet is precisely matched to the
available infusion capacity. Space-
tactical safety control requires close
monitoring of the position of the
emulsifier at this opening in order
to keep its cross-section constant
during all maneuvers (see Fig,
1.14).

Cooling requirements at the site
of action demand that the fluid be
infused as close to the ultrasonic tip
as possible. Consequently the cross-
section of the emulsifier is enlarged
just behind the tip by the extra
cross-section of the infusion line.
The trailing part of the instrument
is correspondingly thicker than the
channel cut into the substance of
the nucleus, and the depth of pene-
tration is limited by the distance of
the infusion slecve from the tip
(Fig. 8.61).

If the nuclear material is to be
emulsified effectively, it must not be
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pushed aside by the vibrating tip,
i.e., it must be affixed to the tip.
There are two basic methods of ac-
complishing this fixation: by inertia
of the nucleus (with aspiration in
Slow) and by suction (with aspira-
tion by occlusion) (see Fig. 2.26).

¥ In a controlled-flow system, infusion
ceases when the aspirating port is ob-
structed. Unplanned ocelusion during as-
piration means the loss of cooling capaci-
ty. The danger of tissue overheating dur-
ing ultrasonic vibration, and thus the cool-
ing requirements, depend on the power of
the vibrations.
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Emulsification by Aspiration in Flow

In this method the aspiration port
remains open throughout the emul-
sification (Fig. 8.63). The vibrating
tip is moved along the nucleus, the
direction of this movement deter-
mining the direction in which the
emulsification  proceeds  (Fig.
8.65b). The nucleus remains sta-
tionary.

The immobility of the nucleus is
an inertial effect based on the mass
of the nuclear material (Fig. 8.65a).
But this mass dwindles as the emul-
sification proceeds, To maintain ef-
fective emulsification during the en-
tire procedure, the immobility of
the nucleus must be reinforced by
friction. This friction either may be
produced by the anatomic connec-
tions between the nucleus and cor-
tex, which should be left intact for
as long as possible (avoiding pre-
liminary nucleolysis), or it may be
provided by fixation instruments
{c.g., spatulas holding the nucleus
in place).

Immobility of the lens nucleus is
the criterion for the control of pha-
coemulsification in flow. The power
of the vibrations should be high
enough to provide efficient emulsi-
fication but low enough to avoid
shaking the entire nucleus. Due to
concomitant movemenis of the nu-
cleus, excessive vibration will not
improve efficacy and may cause un-
desired transmission of motion to
surrounding tissues. Therelore as
the mass of the nucleus decreases,
the power of the vibrations should
be reduced.

The immobility criterion also in-
fluences the speed of the guidance
motion. Moving the tip too rapidly
will merely displace the nucleus
without improving the efficacy of
the emulsification.

The shape of the instrument tip
for aspiration in flow is not a criti-
cal factor during application of the
tip to the nucleus. For the subse-
quent emulsification phase, how-

ever, a pointed tip has the advan-
tage of aiding wvisual monitoring
and preventing unintentional occlu-
sion (Fig. 8.62). Additionally, a
pointed tip can conform geometri-
cally to narrow spaces and poses
less danger when used close to adja-
cent tissues.

The position of the sleeve, i.c., its
distance from the vibrator tip, lim-
its the application angle of the in-
strument to the nucleus. If the tip
is directed at too flat an angle, the
sleeve will engage against the nucle-
us and push it away from the vi-
brating tip (Fig. 8.66¢).

In terms of spatial tactics, a fluid
stream must flow throughout the
emulsification in flow. The pressure
level in the anterior chamber, as de-
termined by the flowthrough pa-
rameters (see Fig. 2.26b), lies be-
tween the initial and terminal pres-
sures. The pressure difference be-
tween the chamber and aspiration
port is wvery small (Fig. 8.66d).
Since the fluid flow is continuous,
adequate tip cooling does not rely
on a special outflow path for the
cooling fluid (Fig. 8.66¢, Fig. 8.67).

The use of an open aspiration port
involves risks: emulsified particles
may be projected at high velocity
toward adjacent tissue surlaces
(Fig. 8.65¢),” and mobile sur-
rounding tissues may be inadver-
tently aspirated (Fig. 8.65d). Thus,
successful emulsification by aspira-
tion in flow requires that a safe dis-
tance be maintained with respect to
neighboring tissues,

Emulsification by Oeclusion

In emulsification by occlusion, the
instrument tip is applied to the nu-
cleus in a way that occludes the as-
piration port. Conirel aims at main-
taining this occlusion throughout
the emulsification (Fig. 8.64). The
shape of the tip is critical, for it
should conform to the surface of
the nucleus to be emulsified (see
Fig. 8.66a). Otherwise there will ei-
ther be no occlusion il the nucleus
is immobile, or a mobile nucleus
will abruptly change its ornentation
in an unpredictable way and dam-
age adjacent tissues. However, if the
nuclear geometry is unfavorable,
the ultrasonic vibrator can be used
to create occludability, ie., to cut
the site of application (in an imtial
burst of aspiration in flow) to a
suitable shape that will permit oc-
clusion without reorientation of the
nucleus (Fig. 8.64b).

Once occlusion has been estab-
lished, suction plays the predomi-
nant role. The procedure of emulsi-
fication by occlusion is basically an
aspiration in which ultrasonic vi-
bration merely serves the adjunctive
purpose of creating or maintaining
the occlusion. The tip can be held
stationary and the emulsification al-
lowed to proceed by motion of the
nucfens. This is an important safety
factor, for it avoids any motion vec-
tors directed toward surrounding
tissues (Fig. 8.65b). Ocelusion of the
tip opening also prevents inadver-
tent aspiration of adjacent tissues
and the projection of emulsified
lens particles toward delicate strue-
tures (Fig. 8.65¢, d).

In terms of spatial tactics, the
situation is stable due to the ab-
sence of an  aspirating  stream

*7 Delicate tissues like the corneal endo-
thelium can be protected from particle
bombardment by surface-tactical mea-
sures (e.g.. protective coating of viscous
or viscoelastic material).
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S us Fig. 8.61. Design of a phacoemulsifier with

infusion and aspiration

a The central tube serves as the aspiration
channel {A) and as the ultrasonic tip (L75).
It is surrounded by a sleeve (5) through

which Muid is infused. [ts fromt opening

serves mainly to cool the vibrating tip,

) while the side openings add volume for

space-tactical stabilization. If one of the

D openings becomes obstructed by tissue,

2 the other will ensure maintenance of the
infusion.

b The distance of the infusion ports ()
from the vibrating tip (0,) determines

b A how far the instrument can be withdrawn
from the chamber without compromising
its spatial stabilization (i.e., the minimum
distance from the access opening at which
emulsification can still be performed). The
distance D, between the end of the infu-
sion sleeve and the tip determines how lar
the instrument can penetrate into the hole
cut by the tip (i.e., the maximum penetra-
tion depth into the tissue)

d
———L/——“—"‘--J—— - o e Fig. £.62. Shape of the instrument tip

a A blunt tip applied at a given angle (=)
4, and given depth of penetration (d) experi-
I
|
1
i
I
|
I
I
i

ences greater luminal obstruction (L) than
a sharply beveled tip. Thus, it is easier o
establish ecclusion with a blunt tip (fefr),
and sasier to keep the aspiration port clear
with a beveled tip (righr).

b Visual monitoring of the working area:
A blunt tip obscures vision of the tip open-

|

|

|

|

|

|

|

! " ing and base of the tissue groove when
\.l/ ‘V viewed [rom above (arrow). A beveled tip

facilitates visual observation
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Fig. 8.63. Phacoemulsification by aspira-
tion in Mow.

Lefr: Sequence of steps in procedure;
right; Instrument motions and switch po-
sitions during procedure; M: Guidance
motions; 4: Aspiration; U05; Ultrasonic
vibration, meembers: Positions of foot-
switch, *#

a Seeking rhe site of applicarion: The in-
strument tip is brought close o the site
of election for beginning the emulsifica-
tion but does nol vel louch the nucleus.
Monitoring at this stage aims al space-
tactical stabilization and thus involves reg-
ulation of the infusion and the size of the
outllow opening from the anterior
chamber (sce Fig. 1.4), Aspiration and vi-
bration are not activated. The site of con-
tact with the nucleus is chosen so that the
tip can be appliecd withowt becoming oc-
cluded.

b Engagemeni. The tip 15 applied to the
nucleus while 4 and L8 are simultaneous-
ly activated. The tip begins to cut a groove
into the substance of the nucleus. Nore:
At least half the lumen (#/2 L) should re-

mizin clear to avoid occlusion.

¢ Peeling. The tip 15 guided over the nucle-
us, moving parallel to its surface (i.c., at
a constant tissue depth). The progress of
the emulsification is determined entirely
by the direction in which the tip is moved.
The direction in which the opening faces
is of no significance, aside from the stipu-
lation that approximately half the lumen
remains clear. Nete: A and 'S must al-
ways be activated while the moving tip is
in contact with the nucleus; otherwise the
tip will displace the nucleus without cut-
ting it. Conversely, 4 and US should not
be activated unless the tip is moving, since
this will have no peeling effect and will
increase the risk of unplanned occlusion.

d Degpening the emulsificarion. The tip is
lifted away from the nucleus (A and U5
turned off!) and moved bhack before re-
peating the scaling mancuver. The end of
the excavation is * terraced ™ to reduce the
risk of unintended occlusion.

Nate: In phacoemulsification in fow only
footswilch positions f and F are used

** In most current systems position 1 15
infusion only, position 2 is infusion plus
aspiration, and position 3 is infusion, aspi-
ration, and ultrasonic vibration,
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Fig. 8,64, Phacoemulsification with aspira-
tion by occlusion. Lefi: Instrument mo-
tions and switch positions. Righr: Se-
quence of steps in procedure,

a Seeking occlusion: The instrument tip is
moved into position with 4 and U8
switched off {footswitch position £). A site
is selected on the nuclear surface where
occlusion can be cstablished as soon as
the up is applied.

b Engagement. Il the nucleus cannot be
enguged right away, occludability must be
established by a short burst of emulsifica-
tion in flow. The instrument with the af-
fixed nucleus is then shifted into a region
where there is adequaie clearance o pro-
ceed with emulsification by occlusion
(ferf). Omly aspiration is switched on dur-
ing this maneuver 1o keep the nucleus ad-
herent 1o the tp (footswitch position 2).

¢ Emulsificarion. The instrument is held
stationary while aspiration is activaled
and assisted by short bursts of vibration.
IT its substance is deformable, the entire
nucleus can be emulsified in this way (lef7).
If the material is nondeformable, motion
of the nucleus toward the tip opening will
be checked by the sleeve (right).

d Contiming the emmulsification of nonde-
formable material. The tip is moved back
(with A and '8 switched off) and reap-
plied at an adjacent site so that the excava-
tion 15 progressively deepened.

e End of the emulsification, When the par-
ticle has become so small that its sides be-
gin to separate ahead of the sleeve, the
cmulsification can be completed using the
technique for deformable material (¢, feff).

Nore: In phacoemulsification by occlusion
footswitch position 2 plays an imporiani
role
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Aspiration in flow

Aspiration of occlusion

\.

Fization
of the material
before the
culting edge
by the inerfia by suction
of the material
Force veclors
of moations
by movement Progression by movement
of tha lip of the emulsification of the nucleus
(mucleus immobile) process (tip immobile)
Direction of
motion vectors
loward environmeni toward tip
Danger of
transmitting motion
to environment?
yes no
Side-effects
Danger of damage
from projected
particles?
e no
Danger of
inadwvertent
aspiration of
adjacent tissue?
yBs no

|\9f\|
iy

kil

Fig. 8.65. Comparison of the two basic
methods of phacocmulsification: Mode of

operation

—_—

Fig. 8.66, Comparison of the two basic
methods of phacocmulsification : Aspects of

instrument design
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Aspiration by occlusion

not critical

beveled:
favors nonocclusion

Shape of tip
Cn engagement
of the nucleus
critical:
recrientation of nucleus
an acelusion
(see Fig. 2.28)
Tendency to
become occluded
|see Fig. B.62)
Blunt

favors occlusion

Posilion of sleava

with deformable
nucleus:

not critical

with nondefarmabla

limits angle nucleus:
of instrument critical (limils depth
application of penatration)
Chamber prassure
Fressure level P, between P, .
in chamber (P,} and Py
{depends on size
P. between Py, ol outlet
and P, for cooling stream)
Fressure difference
beltwean ¢chamber and
minimal aspiration lumean maximal
Cooling siream
oulflow
through through separate outbed

aspiration por

from the chamber
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Fig. 2.67. Spatial tacties Tor phacoemulsifi-
cation in flow: A continuwous stream of the
cooling fluid s maintained through the
open aspiration cannula. There is no need
for an accessory outlei. Thereflore, the ac-
cess opening can remain watertight during
emulsification.

Fig. 8.68. Spatial tactics in phacocmulsifi-
cation by occlusion

a During occlusion the cooling Mow is
maintained through an accessory outlet,
(e.g.. a leaking access opening).

b As the occluding particle has passed
through the aspiration cannula, the occlu-
sion ceases, The chamber is suddenly ex-
posed to the strong suction (outNow pres-
sure below zero), and a large Nuid volume
will abruptly escape. As the chamber col-
lapses, tissue [rom the vicinily may move
into the range of the emulsifying tip

Fig. 8.69. Space tactical safety precautions
prior to cessation of the occlusion

At the transition from stage a (o stage b
(in Fig. 8.68) a “contrel stop™ is inter-
posed 1o secure maximal chamber volume;
Emulsification and aspiration are inter-
rupled but mfusion 13 maintained. The
outllow through the auxiliary outlet is
minimized by correcting movemenis of the
emulsifier at the entrance opening (red ar-
row, see Pig. 1.14). Only when the
chamber has attained maximum depth
(i.e,, the position of the lens capsule has
been brought back as far as possible)
emulsification is activated again for the fi-
nal removal of the occluding particle



(Fig. 8.664). The pressure in the
chamber depends on the size of the
additional cooling fluid outlet. If
the outlet is sealed off, the chamber
pressure equals the initial pressure
isee Figs. 1.4a and 2.26a); if it is
widely open, the pressure equals at-
mospheric (see Fig. 1.6a). But in
contrast to aspiration in flow, the
pressure cannot fall below atmo-
spheric, so there is less danger of
chamber collapse (Fig. 8.68a).%

The characteristics of both emul-
sification techniques are summa-
rized in Figs. 8.63 and 8.64. [t is ap-
parent that the conirol criteria for
each of the technigques are different
and are even opposite in many re-
spects. This accounts for the diffi-
culties to be anticipated when emul-
sification in flow inadvertently
changes to emulsification by occlu-
sion; or vice-versa, during the oper-
ation.

Thus, the most essential control
aspect of phacoemulsification is to
maintain the technique that has
been selected. If a change to the
other technigue is indicated, the
change must be carefully planned;
it 15 imperative that unplanned
changes be avoided.

Problems in Changing
the Emulsifying Technigue

What are the risks associated with
an unplanned change from aspira-
tion in flow to aspiration by occlu-
sion? First, the nucleus may abrupt-
ly change its orientation the mo-
ment occlusion is established (see
Fig. 8.66a), posing a threat to sur-
rounding tissues.*® Second, the nu-
cleus as a whole may be displaced
il the surgeon continues to move the
instrument (i.e., perform guidance
motions) after occlusion has been
established. Finally, there is a
danger of overheating if the addi-
tional coolant outlet (which need
not be open during aspiration in
flow) is not functioning properly
once occlusion is established.*' If
unplanned occlusion should occur
despite precautions, the surgeon
must discontinue any guidance mo-
tions at once and switch off the vi-
bration until the situation is again
under control.

Unplanned occlusion must be
anticipated when the nucleus has
become increasingly mobile during
emulsification in flow so that it may
be drawn abruptly against the aspi-
ration port. Thus, immaobility of the
nucleus must be ensured during
emulsification in flow until the sur-
geon elects a planned change to as-
piration by occlusion.

The reverse process, an un-
planned change from aspiration by
occlusion to aspiration in flow, has
EVEN MOTe Serious consequences,
The sudden release of the aspiration
port creates a massive pressure dif-
ferential (see Fig. 2.26a) leading to
a precipitous pressure drop in the
anterior chamber. Chamber col-
lapse may ensue (Fig. 8.68b), and
adjacent tissues may be inadver-
tently aspirated and damaged if the
instrument tip is still vibrating at
that moment.

But change to aspiration in flow
is an inevitable part of any ordinary
emulsification by occlusion, repre-
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senting the final phase afler the ma-
terial in front of the tip has van-
ished.

During the emulsification, loss of
occlusion occurs if the vibrating fre-
quency is too high, for then the oc-
cluding portion of the nucleus will
be abruptly excised and aspirated.
If at this point other nuclear materi-
al is within reach of the suction,
emulsification may proceed. But if
adjoining tissue is within the range
of the tip, it becomes exposed to
the effect of the powerful suction,

3 Note: This is true only while the occlu-
sion is intact. Loss of occlusion constitutes
aspiration in flow!

“% Special care must be taken to prevent
unintended reorentation of the nucleus
when emulsification has sculpted a sharp
edge inte hard nuclear material.

1 E.g., il the instrurnent is held obliquely
(as in Fig. 1.14e).
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The basic safety strategy for aspi-
ration by occlusion, then, is to al-
low for the possibility of a sudden
loss of ecclusion in cach phase of
the procedure and forestall its con-
sequences. On the one hand this im-
plies reducing the pressure differen-
tial upon loss of occlusion; on the
other, providing an adequate safety
zone in front of the tip. A low pres-
sure differential is obtained with the
shori-burst technigue. Maintaining
aspiration by occlusion for just a
few seconds prevents buildup of
high negative pressures. Thus, when
occlusion is lost after a short emul-
sification burst, only a fraction of
the force set at the suction pump
will become active at the tip. Pro-
viding a safety zone means main-
taining ample clearance [rom adja-
cent tissues. In this respect aspira-
tion by occlusion reguires larger
clearances than aspiralion in fow.
This may seem paradoxical, be-
cause occlusion actually protects
surrounding structures. However,
the safety clearances must provide
for an abrupt loss of occlusion, at
which point the pressure differen-
tial 15 greater than in aspiration in
Mlow.

Special safety precautions are
taken in the final phase of the emul-
sification, just before occlusion is
terminated: Vibration and aspira-
tion are switched ofT while the infu-
sion is continued. The space-tacti-
cal context is checked and opti-
mized, and a maximuem anterior
chamber depth is established by ad-
Justing the position of the instru-
ment al the access opening in order
to improve the seal (see Fig. 8.69).
Omnly then the emulsification is
completed using short bursts so
that both the aspiration and vibra-
tion can be switched off immediate-
Iy upon termination of the occlu-
sion.

Criteria for Selection
of the Emulsification Technigue

The indication for emulsification in
flow versus emulsification by occlu-
sion depends on the quality of the
lens nucleus and its mobility.

With regard to emulsifiability, we
can distinguish between compliant
nuclear matter that is easily pene-
trated by the instrument and firm,
noncompliant nuclear matter that
blocks entry of the sleeve
(Fig. 8.64¢). Basically, emulsifica-
tion by occlusion is more appro-
priate for deformable matter, while
emulsification in flow is better suit-
ed for nondeformable matter.

A no less important criterion is
the maobility of the nuclear material.
Only immobile material, whether
deformable or nondeformable, can
be emulsified in low, whereas mo-
bile material inevitably will appose
to the suction tip and therefore is
emulsified by occlusion, This means
that both an ideal and an unfavor-
able emulsification condition exists
for deformable and nondeformable
nuclei. These conditions cannot be
freely chosen but depend on the an-
atomic setting in which the emulsifi-
cation is carried out: When the
phacoemulsification is performed
in the anterior chamber, the nucleus
has been dislocated from its origi-
nal position and hence is freely
movable within the chamber. When
the nuclews is emulsified in situ (*in
the posterior chamber™), the ana-
tomic connections between the nu-
cleus and cortex may have re-
mained intact, and the nucleus is
immobile. It follows, then, that op-
timum conditions prevail when de-
formable matter is emulsified in the
anterior chamber, and nondeform-
able matter is emulsified in the pos-
terior chamber (Fig, 8.70, red ar-
rows).

These optimum conditions can-
not always be achieved in practice.
It can be difficult to mobilize a de-
formable nucleus and dislocate it

into the anterior chamber, because
the soft matter is difficult to sepa-
rate from the cortex. Conversely, a
nondeformable nucleus cannot al-
ways be kept immobile in the poste-
rior chamber, because 1t must be
mobilized and displaced as the
emulsification proceeds in order to
present it optimally to the tip.
Hence there is no way to avoid
working at least temporarily under
suboptimal conditions.

One suboptimal condition, for
example, 15 the emulsification of de-
Sormable marterial by aspiration in
Sfow (e.g., emulsification of a soft
nucleus in the posterior chamber).
Here occlusion can be prevented by
extremely superficial peeling so that
only the wall of the tube attacks the
nucleus while the lumen remains
entirely clear. The nucleus may be
held immobile with a spatula.

Another suboptimal condition is
the emulsification by occlusion of
nondeformable  matter (cg., the
emulsification of hard nuclear mat-
ter in the anterior chamber). Here
the technique must allow for the
blocking action of the sleeve
(Fig. 8.64c), so the emulsification is
carried out in small steps that pro-
gressively deepen the excavation
(Fig. 8.64d). If the noncompliant
matier becomes incarceraied at the
tip, there are two ways to loosen
it again: Short, high-frequency
bursts of the vibrator can repel it
effectively, but they are safe only
if the incarcerated material has suf-
ficient mass to check the recoil.
With a small particle it is better to
use short bursts of low-frequency
vibration to loosen the material and
to push it back with a spatula.
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Fig. £.70. Decision-making eriteria for se-
lecting the emulsification technique. When
emulsification is performed in the posteri-
or chamber, the nucleus is immobile, at
least initially, Therefore it is emulsified in
flow. This procedure is accomplished most
successfully in nondeformable material
(), while with deformable matter (5) there
is a danger of unintended occlusion. If the

nucleus has become mobile while in the
posterior chamber (3, 4), it may either be
immohilized there with a spatula, or it
may be dislocated forward into the anter-
or chamber (using aspiration only). Once
inside the anterior chamber, the nucleus
is mobile. Since it is emulsified there by
occlusion, emulsification in the anterior
chamber is ideal for deformable nuclei (1)

but is suboptimal for nondeformable nu-
clei (2). The red arrows indicate the opti-
mum emulsification conditions. The gray
arrows indicate the sequence of steps for
a nuclews in the posterior chamber: an im-
muobile nucleus is mobilized and then dis-
located inte the anterior chamber. First
the nucleus is emulsified in Mow, and once
mobilized it is emulsified by occlusion

Table 8.2, Comparison between planned and unplanned transitions from emulsification in Mow (E.i.F.) to emulsification by occlusion

(E.b.Q.), resp. from E.b.O, to E.i.F,

EiF. = Eb.(.

E.b.0. = E.i.F.

planned start of E.b.O.

unplanned transition

planncd end of E.b.O.

unplanned transition

1. Establish foldahifity
— remove all hard material

¥

Wrong moment !
hard material still present

{see Fig. 8.69)

1. Provide large reserve space
— deepen anterior chamber

Wrong moment:

without sufTicient
chamber volume

2. Establish oceludability Wrong way: 2. Keep bevel away Wrong place:
Sfram pulnerable tissue
— align bevel of tip bevel not properly aligned — stay in safety zone beyond safety zone
to contour of nucleus (see Fig. 2.28b+¢) for E.b.O. for E.b.O.
(see Fig. 2.28a+d)
— cut material into
occluding shape
{see Fig. 8.64b) ¥
3. Proceed 1o Eb.0O. Wrong place: 3. Avoid high pressure difference Wrong way:
— transfer material orifice of tip — use short burst technigue long bursts of ultrasound

to salety zone for E.b.O.
(see Fig. 8.73h)
- stay put and cut

beyond safely zone
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Fig. 8.71. Topographic criteria for the use
of phacoemulsification: Safety zones in the
anterior chamber, Gray zone: Safety zone
for aspiration alone; pink zone: Safety
zone for vibration and aspiration com-
bined.

The nucleus is mobile in the anterior
chamber and is emulsified by occlusion.
The safety margins must be large enough
to ensure that a sudden loss of occlusion
will not damage nearby tissues. Aspiration
alone poses relatively little risk of damage,
50 the safety zone is large. Lltrasonic vi-
bration, on the other hand, requires large
clearances: The safety zone does not ex-
tend past the center of the pupil. Very little
deviation upward or downward from the
horizontal can be tolerated due to the re-
spective dangers posed 1o the corneal en-
dothelium and iris. Lateral mobility dur-
ing vibration is limited to ensure that the
outlet for the cooling Mud s not ob-
structed (sce Fig. 1.14¢). The minimum
distance from the access opening (D) at
which emulsification can be performed de-
pends on the position of the openings in
the sleeve (see Fig. 8.61)

Basic Technigues
of Phacoemulsification

In both the anterior and posterior
chamber there is a safety zone
whose boundaries are determined
by the clearances that must be
maintained with respect to sur-
rounding tissues. As noted carlier,
these clearances depend on the pha-
coemulsification technique, emulsi-
fication by occlusion requiring
greater safety clearances than emul-
sification in flow. Thus, the safety
zone for emulsification in the ante-
rior chamber is quite small
(Fig. 8.71). It is larger for emulsifi-
cation in the posterior chamber, as
long as the nucleus is sufficiently
immobile for emulsification in flow
(Fig. 8.72).

The basic rule is that phacoemul-
sification is performed sericely with-
in the safety zone of the respective
chamber (Fig. 8.73b). Nuclear ma-
terial already within the safety
zones is remaved first, and then the
remaining material is transposed
into the safety zones before it is
emulsified (Fig. 8.73¢, d). Topo-
graphically, then, the procedure
consists of four phases:

Fig. 8.72. Topographic criteria for the use
of phacoemulsification: Safety zone in the
posterior chamber. [F the nucleus is immo-
bile while in the posterior chamber, it is
emulsified in flow. Simce this method is
not  associated  with  abrupt  pressure
changes, the necessary clearances are
small. Thus the safety zone is large and
is practically the same for emulsification
(pink) as for simple aspiration (gray). The
start of the safety zone (A) and its deep
boundary (£) are influenced by the loca-
tion of the comeal incision, the end of the
zone (C) by the pupil size. (D) as in
Fig. .71

— emulsification within the safety
zone for emulsification by aspira-
tion in Now

— nucleolysis
locomeotion

— emulsification within the safety
zone for emulsification by occlu-
sl0mn.

There are three basic techniques for

phacoemulsification according to

the way in which these steps are se-
quenced and combined:

1. Phacoemulsification in the ante-
rior chamber (Fig. 8.74).

2. Phacoemulsification in both
chambers (Fig. 8.75).

3. Phacoemulsification in the cap-
sular bag (Fig. 8.76).



Fig. 8.73. Basic manewvers for phaco-
emulsification

a Movements of the emulsifier: The theo-
retical range of action of the phacoemulsi-
fier is & cone whose apex lies at the access
apening.

b Sale regions for movements of the emul-
sifier. The practical range of action is lim-
ied by anatomic constraints (distance
from surrounding tissues). There is a large
difference, morcover, between the ranges
of action in the anterior and posicrior
chambers since dilferent emulsification
techniques are wsed in each chamber. In
the anterior chamber, emulsification is
done by occlusion and the safcty zone is
small. In the pasterior chamber, emulsifica-
tion can be done in Mow, so the safety
zone 1s larger. Only a small fraction of
this zone is safe for emulsification by oc-
clusion (circular area at the center of the
posterior chamber).

¢ Movements of the nuclews, To bring the
malerial into the safety zone for emulsifi-
calion in each chamber, the nucleus is ro-
tated about itz axis (small arrows). To
bring it from the posterior into the anteri-
or chamber, either the inferior or superior
pole is elevated (farge arrows).

d Movements of nuclear fragments, Small
fragmenits are brought 1o the safely zones
of emulsification by transposing them cen-
tripetally with aspiration by occlusion,
Above: Anterior chamber

Below: Posterior chamber

>
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Practical Conduct
of Phacoemulsification

Insertion of the Emulsificr
into the Anterior Chamber

During insertion ol the instrument
into the anterior chamber, the tip
1s held with its bevel facing down-
ward so that it can glide smoothly
along the iris surface. The sleeve is
positioned so that its side openings
face laterally to ensure that the
openings will not snag the wound
margins. This also avoids inadver-
tent fluid injection into corneal pa-
renchyma which might impair
transparency or dissect beneath
Descemet’s membrane,

Following entry into the anteri-
or chamber, a lateral position of the
sleeve openings prevents tissue dis-
placements that might occur if the
openings were  positioned  verti-
cally.*? For reasons of spatial tac-
tics, infusion is maintained contin-
uously o compensate for outflow
of the cooling stream. Note: In all
manipulations with the emulsifier it
is necessary Lo monitor not just the
working tip but also its position at
the access opening (Fig. 8.69), for
that is where space-tactical safety
15 controlled,

** E.g. compensatory tssuc shifis (irs
prolapse, ele.) in case of a leaking access
opening (see Fig. 2.25).
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Fig, 8.74. Basic technigue for emulsifica-
tion in the anterior chamber

a st step: The entire nucleus (peripher-
al shell and central core) 15 mobilized and
transposed into the anierior chamber io-
ward the safety zone for emulsification.

b Sccond step: The nuclews is emulsified
with aspiration by occlusion within the
safety zone of the anterior chamber

Fig. 8.75. Basic technique for emulsifica-
tion in buth chambers

a First step: The hard central core of the
nueleus is emulsified within the safety zone
for emulsilication in low,

b Second siep: The sofler shell is mabi-
lized and transposed into the anterior
chamber. The motion vectors have verrical
components.

¢ Third step: The remaining nuclear ma-
terial 15 emulsified by occlusion within the
safety zone of the antenor chamber. All
movements of the nucleus are horizonral.

d Nere: Motion of the emulsifier [rom the
empty space toward the tissue to be re-
moved occurs on @ perrical planc. The bev-
¢l of the tip directed toward the empty
space faces wpward

-

Fig. 8.76. Basic technigue for emulsifica-
tion within the capsular bag

a First step: Muclealysis (by hvdrodissee-
tion).

b Second step: Emulsification of the lens
material within the safely zone for emulsi-
fication in flow (anterior cortex, anterior
nuclear shell, and auclear core).

¢ Third step: Transposition of the remain-
ing nuclear shell into the safety zone for
emulsification by oceclusion at the center
ol the bag. Note: The veetors of this ma-
neuver are strictly frorizontal,

d Fourth step: Final emulsification by oc-
clusion (at the center of the bag).

e Noie: The plane of the movements of
the emulsifier is horizowial; the bevel faces
faterally toward emply space

Nucleolysis and Locomotion

Nucleolysis 1s performed either by
hydrodissection or by traction (i.c.,
combined with locomotion). De-
pending on the technique selected
for phacoemulsification, the entire
nucleus, the shell only, or small
fragments are transposed into the
safety zone for definitive emulsifi-
cation by occlusion. The motor for
locomotion consists of pressure or
traction. For pressure, the necessary
gradient between the vitreous
chamber and anterior chamber is
produced by interrupting the infu-
sion stream. The diaphragm is al-
lowed to bulge forward, pushing
the nucleus toward the anterior
chamber,

Traction is exerted either by pull-
ing the nuclear material with the tip
while aspiration is on (i.c., aspira-
tion for grasping and guidance mo-
tions for pulling; no ultrasound), or
by pushing with a spatula, or with
the tip while aspiration is switched
off.
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Phacoemulsification
in the Anterior Chamber

For phacoemulsification in the an-
terior chamber, the entire nucleus
(i.c., the hard central core along
with the softer peripheral shell) is
transposed  into  the anterior
chamber (Fig. §.74). Thus, the im-
tial steps are nucleolysis and locomo-
tion. For nucleolysis an (irrigating)
cystotome can be used as shown in
Fig. 8.47. Locomotion is sustained
by a pressure difference between the
vitreous and anterior chamber pro-
duced by an interruption of the in-
fusion stream.

The second step is the emulsifica-
tion itself. At this point the nucleus
is free of its anatomic connections
with the cortex and is completely
mobile. Basically, emulsification in
the anterior chamber is performed
by occlusion. An emulsifier tip with
a blunt shape is selected.

The emulsifier is used at a low
power setling to prevent repulsion
of the nucleus with consequent loss
of occlusion. Short-burst  ultra-
sound application is an important
safety factor and helps to reestab-
lish occlusion after each burst.

As long as the nucleus retains
sufficient mass, its inertia can be
utilized as a stabilizing factor. Small
particles are apposed to the emulsi-
fier tip with the aid of a spatula.

All maneuvers used to present
successive portions of the nucleus
to the emulsifier tip involve move-
ments strictly on the horizontal
plane (i.e., lateral displacement or
rotation) to protect adjacent tis-
sues. Vertical movements are un-
necessary at this stage and are
avoided since they would endanger
the endothelium and posterior cap-
sule.

There are two basic methods of
phacoemulsification in the anterior
chamber: 1) the nucleus is emulsi-
fied from the inside outward, i.e.,
the hard core is attacked first, and
the softer peripheral shell is left for
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Fig. 8.77. Methods of emulsification in the
anterior chamber: Start of the emulsifica-
tion

a First the material within the safety zong
is emulsified.

b Steps of the emulsification, The first
step (f) 15 emulsification al the equator
(see Fig. 8.78a). The second step (2) emul-
sifies the surface and provides exposure
for the third step (3), deep emulsification

emulsification by occlusion in the
final phase, or 2) the nucleus is
emulsified from the outside toward
the center.

In the former method the periph-
cral part of the nucleus already
within the safety zone is emulsified
(Figs. 8.77, 8.78) to gain access to
the core. Then the core is succes-
sively brought into the safety zone
by lateral shift (Fig. 8.79) or by ro-
tation (Fig. 8.80). During emulsifi-
cation of the hard material, the
most difficult part ol the procedure,

Fig. 8.78. Emulsification of a mobile nucle-
us

a Il emulsification is started precisely at
the equator of the nuecleus, the instrument
is aligned perpendicular to the surface.
The resistances aboul the slesve are sym-
metrical, and the tip penetrates horizontal-
Iy into the nucleus.

b, ¢ IT the tip is applied above (b) or below
{e) the equalor, motion of the nucleus is
checked on one side by the sleeve, causing
the nucleus to tilt upward or downward

the nuclear mass is still large en-
ough for incrtia to be an effective
stabilizing adjunct. In the final
phase the material is soft and is eas-
ily emulsified by occlusion.

In the latter method the soft shell
of the nucleus is shelved away first
(Fig. 8.81). When the tip reaches
the core, the nuclear mass has been
significantly reduced and its inertia
15 low. Thus, the method is safe
only when the core is soft enough
to be emulsified by occlusion.

Fig._ﬁ.?‘}. Methods of emulsification in the
anterior chamber: Longitudinal shifting of
the nucleus

a Following the imitial excavation (Fig.
8.77). the nucleus is sucked gradually 1o-
ward the access opening, and emulsifica-
tion 15 conlinued al its center.

b This mancuver 15 contmued unil two
side fragments remain.

¢ The remaining fragments are grasped
with the suction tip within the wide aspira-
tion zone (Mack) and retracted toward the
safety zone (red), where the emulsification
15 completed



Fig. 58.80. Methods of emulsification in the
anterior chamber: Rotation of the nuclens
with a spatula

a Following the initial excavation (Fig.
£.77), the nucleus is rotated with a spatula
{introduced through a second incision) un-
til a new sector enters the safety zone,
where it is emulsified.

b As the rotation maneuver is continued,
new malerial 15 fed to the emulalying tip,
and the nucleus diminishes in size.

¢ The emulsification is completed as
shown in Fig. 8.79

Fig. 8.81. Methods of emulsification in the
anterior chamber: Rotation of the nuclews

by aspiration

a When the tip is applied to the nucleus
obliquely on the horizontal plane, the
sleeve exerls a checking action which
causes the nucleus to rolate as in Fig. 8.78,
though here it rotates about a vertical axis.
The safety marging in this technique are
small for several reasons: First, the tip can
casily siray from the safety zone. If, to
avoid this, the nucleus is pushed to the
center of the anterior chamber, there is

>
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a danger that the far edge of the rotating
nucleus will scrape against the corneal en-
dothelium. Second, the oblique position of
the instrument at the corneoscleral inci-
sion can hamper cooling by blocking Muid
outflow alongside the tip (see Fig. 1.14¢).
b The rotation maneuver is continued. As
the nucleus diminishes in size, it can be
brought to the center of the anterior
chamber for emulsification; the safety
margins expand.

¢ Finally the central core of the nucleus
is emulsified
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Phacoemulsification

in Both Chambers

When phacoemulsification is per-
formed in both chambers, ** the
core and shell of the nucleus are
emulsified in different chambers
(Fig. 8.75). This allows optimum
conditions to be selected for the
emulsification of hard and soft ma-
terial.

The first step is emulsification of
the core of the nucleus in the posteri-
or chamber. The anatomic connec-
tions between the nucleus and cor-
tex arc still intact and serve to keep
the nucleus immobile. This facili-
tates the emulsification in flow that
is optimal for the hard nuclear core.
The material within the safety zone
is shelved layer by layer from the
surface downward. A sharply bev-
eled tip is used for emulsification
in flow (see Fig. 8.66b), and the be-
vel 15 directed wpward to prevent
inadvertent occlusion.

The second step 15 nucleolysis
and locomotion of the remaining nu-
clear shell (i.e., the material outside
the safety zone in the posterior
chamber) into  the  anterior
chamber. This transfer involves
vertically directed vector compo-
nents. Either the superior or inferi-
or pole of the shell is raised first.
The motivating force for lifting the
superior pole (Fig. 8.82b) is pres-
sure. This is done by interrupting
the infusion flow and allowing the
nuclear rim to rise. Then for nuc-
leolysis the shell is engaged with the
instrument tip and hydrodissected
by reactivating the infusion stream,
This method is suitable for dense
nuclei that differ from the cortex
in their compactness (see Fig. 8.46).

The motor for raising the inferior
pole (Fig. 8.83d) is traction. The
material is grasped with the emulsi-
fier tip while the aspiration is on.
However, aspiration is safe only for
material that can be attacked with
the tip opening held horizontally or
upwards. **

The nuclear rim on the opposite
side is first sculpted to make it fold-
able, then it is pulled toward the
entry site of the instrument. Thus,
this method is suitable for nuclear
material that is soft enough to
maintain strong occlusion, i.c., suf-
ficiently strong to withstand the tis-
sue resistance to nucleolysis and
folding.

The third step is emulsification of
the nuclear shell in the anterior
chamber. Being soft, the material is
emulsified by occlusion. The shell
is successively rotated into the safe-
ty zone and removed there while the
tip is held almost stationary.

** Currently this technique is called
*emulsification in the posterior chamber™
because that 15 where the procedure is be-
un.

* Pointing the tip backward during aspi-
ration is hazardous to the capsule. Easily
deformable material may be  sucked
abruptly through the large lumen of the
aspirating cannula, exposing the posterior
capsule to the potentially damaging effect
of a large pressure gradient.

Phacoemulsification
Within the Capsular Bag

In phacoemulsification within the
capsular bag (Fig. 8.76), all maneu-
vers can be performed through a
small capsulotomy. In terms of spa-
tial tactics, then, the capsular bag
may be treated as an independent
pressure chamber, and its shape can
be controlled by adjusting the flow
parameters (sce Fig, .57).

The confinement of all manipu-
lations within a nearly intact bag
15 the main advantage of this tech-
nique, as it reduces the danger to
surrounding structures, but it is
also a major disadvantage due to
the lack of space. The free working
space in the capsular bag must be
created first by the surgeon. Its
greatest extent is available on the
horizontal plane. Therelore, all ma-
neuvers are performed in such a
way that the instrument and nucle-
ar material are shifted predomi-
nantly in horizontal directions.**
The largest amplitudes for move-
menis of the nucleus are in rotation.
In case of a small capsulotomy,
these rotational movements must
be produced with a single instru-
ment (e.g., with the emulsifier tip)
and are not easy to perform (see
Fig. 8.47h). They are facilitated by
previously separating the connec-
tions between the nucleus and cor-
lex.

4% Many maneuvers in this technique can
be explained simply as a 90° rotation on
the vertical plane of manipulation in both
chambers  (compare Figs. 8754 and
8.76el).



The first step, then, is anterior
corticolysis and nucleolysis by hy-
drodissection.  Hydrodissection  is
used because there is not enough
room to separate the connections
by tractional movements, Since
hvdrodissection is most eflective
when the reflux resistance is high
(see Fig. 8.48b}, it is done prior to
any further manipulations. The see-
ond step is excavation of the nuclear
center (Fig. 5.84). This is done in
two phases: creation of the initial
cavity for introduction of the tip,
and extension  of  this  cavity
throughout the safety zone for
emulsification in flow. Occlusion is
unavoidable during sculpting of the
initial cavity, so short bursts of ul-
trasound are used at this stage. The
bevel of the tip (which is sharp for
the emulsification in flow that fol-
lows) is directed laterally to avoid
unintended aspiration of the anteri-
or or posterior capsule. Subsequent
excavation of the nucleus within the
safety zone is done in flow. The ma-
terial in front of the tip remains im-
mobile despite the previous nucleo-
lysis, because the nucleus is well
confined within the intact capsular
bag. The shelving mancuver is done
on the horizontal plane by sweeping
the tip laterally from one border of
the safety zone to the opposite
border. To avoid occlusion, the
bevel of the tip faces to the side,
toward the cavity already formed.
The anterior cortex (previously
loosened by corticolysis) is simulta-
neously removed, allowing visual
control of the underlying emulsifier
tip.

The third step is locomotion of
the peripheral nuclear shell at the
opposite end of the excavation to-
ward the center.

The material is grasped and
pulled by aspiration by occlusion,
To prepare this step the peripheral
shell 15 cut into occludability, that
is, into a triangular shape able to
occlude a sharp beveled tip held lat-
erally (seec Fig. 8.84b).

The fourth step 15 the final emul-
sification of the fragments within
the safety zone for emulsification
by occlusion at the center of the
bag. The infusion pressure and out-
flow opening are closely monitored
and controlled to maintain  the
shape of the emptying bag; short-
burst technigque prevents collapse of
the bag when the emulsification is
completed.

Subsequently the residual shell is
rotated until new portions become
accessible to the tip; then the steps
of emulsification are repeated.
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Fig. .82, Methods of emulsification in both
chambers: Haising the superior pole of the
nuclens. The diagrams of the footswitch
positions show position 1 (infusion only)
in the left square (/) with a black circle
{on) or white circle {ofT), %8

Following initial emulsification in the safe-
Ly zone of the posterior chamber, the supe-
rior pole of the nucleus is moved into the
safety zone of the anterior chamber. In
this technigque the nucleus must be hard
enough to offer adequate resistance to a
spatula.

a Initial excavation: First the center of the
nucleus is emulsified within the capsular
bag, leaving a solid **step™* on the opposite
side (aspiration in fow).

b Locomaotion: The step is engaged with
a spatula, which shifts the nucleus horizon-
talfy toward the inferior pole until its supe-
rior pole appears at the pupil margin,
Then the spatula is held steady while the
emulsificr 1s withdrawn toward the access
opening to make room for ascension of
the superior pole. The superior pole is
driven upward by lowering the pressure
in the anterior chamber (discontinuing in-
fusion, footswitch position () until the di-
aphragm bulges forward.

¢ Nucleolysis: The superior pole presents
to the tip and 15 engaged, then the infusion
is restarted to induce recession of the dia-
phragm. The nucleus is now separated
from the cortex by hydrodissection: sullfi-
cient Lime must be allowed (in footswitch
position 1) for this scparation to oceur.
Then the tip is withdrawn slightly so that
the nucleus can fall back again. Nucleoly-
si5 15 completed by rotation of the nucleus
with a spatula (see also Fig. $.47b).

*¢ Position 1 was not drawn in the pre-
vious figures, because infusion was on dur-
ing the entire procedure.
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d Emulsification of the nuclear rim: The
mobilized material of the superior nuclear
rimn is shilted from the posterior chamber
into the safety zone of the anterior
chamber by repeating the mancuver in
Fig. b. Then the material is emulsified in
Mow.

¢ The entire nm 15 shelved away by bring-
ing new portions Lo the emulsifier tip. This
is done by rotation with the spatula and
by lifting with the maneuver in Fig. b.

T Emulsificarion of the posterior shell; Fi-
nally the fat, rimless posterior shell of the
nucleus is moved Lo the anterior chamber
through aspiration by occlusion. There it
is {stabilized with a spatula if necessary)
emulsified by occlusion. Nore: To avoid
improper alignment of the shell on occlu-
sien, the bevel of the emulsifier is directed
laterally now
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Fig. 8.83. Methods of emulsification in
both chambers: Raising the inferior pole of
the nucleus, Following initial emulsifica-
tion in the safety zone of the posterior
chamber, the inferior pole is drawn milo
the anterior chamber. This method is best
suited for nuclei soft enough o be folded
after partial excavation.

a Initial excavation: The nuclews is exca-
vated in the pesterior chamber by aspira-
tion in flow to the extent the safety zonc
allows.

b Preparation for folding maenewver: On
the far side of the excavation, grooves are
cut toward the periphery at both lateral
ends so that the intervening border of the
nucleus can be folded more easily. These
grooves extend beyond the safety zone.
Thus the nuclear material is first grasped
with suction*®” and then is pulled toward
the safety zone for emulsification.

¢ Mow the tip is kept immobile, and the
groove 18 cul by a shorl burst of ultra-
sound (emulsification by occlusion).

7 Remember that the safety zone for aspi-
ration alone (Mack outline) is larger (see
Fig. §.72).
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d Ruaising the inferior pode into the safely
zone of the anterior chamber: The rim be-
tween the grooves is now grasped with
suction (footswitch position 2: Aspiration
only, no vibration), folded upward, and
pulled toward the access opening. This dis-
locates the nuclear shell into the anterior
chamber,

¢ Removal of the mueleus 15 completed
within the safety zone of the anlerior
chamber (aspiration by occlusion)
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Fig. 8.84. Phacoemulsification in the capsu-
lar bag. The basic steps in the procedure
are the removal of the nuclear core within
the safety zone for emulsification in Mow,
and removal of the portion of the shell
opposite the capsulotomy. Subsequently
the nuclews is rotated, and other parts are
made accessible to the emulsifier.

=] Sequence of manipulations.

v—z The results obtained afler cach step.
a Sewilpring che initigl cavity; The emulsi-
fier is introduced into the lens through a
small capsulotomy whose width depends
on the planned arc through which the tip
will be swept (i.e., the base B of the safety
zone for emulsification in flow), A fla-
beveled tip is chosen to minimize the risk
of unintended occlusion (see Fig. 8.66b).
The bevel faces laterally toward the space
already excavated.

b Excavetion of the nuclear core by emul-
sification in flow. With the bevel lacing
laterally, the cavity is extended by swivel-
ing the emulsifier horizontally. On the side
opposite the capsulotomy, a triangular
wedge is left in the nuclear shell to serve
as 4 “handle™ for pulling it toward the
center. The triangle is not isosceles: One
side (loward %) is made shorter and steeper
than the other to allow for solid occlusion
by the beveled tip; the other side, longer
and flatter, can easily pivol about point
Zoat s end.

¢ Mabilization of the wedge. The sicep
part of the triangle is grasped by occlusion
with the aspirating tip (no vibration) and
is pulled centripetally.

d The wedge 15 emulsified by occlusion at
the center of the bag.

v Result of a=d: Removal of nuclear ma-
terial in the safety zone and adjoining
shell.

M A US
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e—g Nucleolysis and locomation af the re-
MNING glens,

e Ome lateral wing is mobilized by pulling
it toward the center with the emulsifier (as-
piration by occlusion, no ultrasound). The
maneuver is facilitated by preliminary
nucleolysis (hydrodissection).

f Same maneuver on the opposite wing.

g Locomotion by rotation through 1807,

w Al this stage the nucleus previously on
the side of the capsulotomy has been
moved to the opposite side and now is
accessible within the safety zone for emul-
sification in Mow,

h-j Repetivion of the emulsification steps
(b-d).

x Mow only the lateral wings of the shell
remain. I7 they cannot be pulled directly
toward the center with the tip, the nuclens
is rotated again.

¥y Botation through #0° brings one of the

lateral wings into the safety zone for cmul-
sification in flow.

z Rotation through 180¢ brings the re-
maining lateral wing into the salely zone

QO Quwy
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8.3.4 Delivery of the Cortex

The cortex of the lens has a soft
consistency. Applied forces tend to
rupture the cortex and break it up
into fragments. As this makes it dif-
ficult to manipulate the cortex as
a whole, the cortex is removed
piecemeal. Differences in the size
and compactness of the cortical
fragments will necessitate the use of
various delivery technigues.

Mobilization of the Cortex
{Corticolysis)

The cortex is separated from the
lens capsule on a preexisting ana-
romie cleavage plane, which can be
developed by pressure or traction.
Pressure is applied by injecting
fluid into the interspace between
the cortex and capsule to create a
pressure  chamber  (Fig. 8.85a, b).
The advantage of corticolysis by
hydrodissection is that it does not
affect the suspension of the lens and

therefore is sale even when the cap-
sule or zonule is weak.

Similar considerations apply to
corticolysis by hydrodissection as
to nucleolysis as far as resistances
to forward flow and reflux of the
fluid are concerned. These resis-
tances can be produced only by in-
jecting the fluid prior to removal of
the nucleus. If corticolysis by hyd-
rodissection is attempted after de-
livery of the nucleus, it is not only
more difficult to inject the fluid pre-
cisely between the capsule and cor-
tex, but the corticolysis also be-
comes much less effective. In this
situation hydrodissection can al
best mobilize large, compact frag-
ments (Fig. 8.85b). Small cortical
remnants, on the other hand, are
poorly mobilized because watery
fluid tends to fAow around them
(Fig. 8.85¢c). However, corticolysis
of small fragments can still be ac-
complished by the use of viscoelas-
tic material (Fig. §.854d).

In mobilization by traction, the
cleavage plane is torn open by ap-

Fig. §.85, Corticolysis by hydrodissection
a Fluid injected beneath the capsule pro-
duces a pressure chamber whose expan-

sion separates the capsule from the cortex
(see also Fig. 5.49b),

b Only large and compact fragments ofTer
sulficient backfow resistance 1o allow a
pressure chamber Lo be formed.

¢ With smaller fragments, resistances o
the reflux and spread of watery fluid are
too low, 20 a pressure chamber 13 not
formed.

d Viscoclastic material provides its own
flow resistanee and thus can separale even
small cortical fragments from the capsule
(zee Fig. 2.19)

Fig. 8 86. Corticolysis by traction

a Cortex is Nxed 1o the cannula by suction
and stripped away by traction on the can-
nula.

b The traction chain encompasses the in-
strument (and its fixation to the cortex),
the cortex, the corticocapsular attach-
ments {the intended cleavage zone), the
capsule, the zonule, the ciliary body, and
the sclera



plying tension to the cortex on one
side and to the capsule on the other.
Tension on the corfex 18 produced
by guidance motions with a grasp-
ing instrument, the cortex itsell act-
ing as an instrument for transmit-
ting the applied tensile forces to the
cleavage zone (Fig. 8.86).%% Coun-
tertension on the capsule is produced
by tension on the zonule. Actually
there is a traction chain comprising
the instrument, corlex, capsule,
zonule, ciliary body and sclera, and
the weakest “link ™ in this chain will
give way when traction is applied.

Thus, the technigue of corticolysis
by traction aims at concentrating
the effect of the forces on the corti-
cocapsular attachments. *®

For grasping of the cortex, aspi-
ration cannulas are used which fix-
ate the material by occlusion. The
surgeon's task is first to establish
the occlusion and then maintain it
while applying traction to the cor-
tex.

The size of the aspiration port
should conform to the size of the
particle to be grasped. If the open-
ing is too small, the cannula cannot

>
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Fig. 8.87. Establishing occlusion, Relation
of the size of the aspiration port to the
Lissue Cross-seclion.

a If the cross-section of cortex in the aspi-
ration porl is too small, the tip canmot
grasp the cortex and will tend to aspirate
other structures {(e.g.. chamber contents,
iris, capsule).

b Occlusion is sought in large cortical
fragments by moving the cannula toward
the periphery.

¢ With thin strands of cortex, pernipheral
motion of the cannula cannotl provide oc-
clusion and therefore risks aspirating the
capsule [cemier). When multiple strands
are present, occlusion can be established
by moving the cannula circumferentially
until several tags are gathered into a bun-
dic (righi).

d A thin, isolated strand can be grasped
only with a sufficiently small aspiration
port

grasp enough tissue to transmit
forces to the corticocapsular inter-
face; if oo large, occlusion is not
obtained (Fig. 8.87a). Il the rela-

4% For the cortex to function in this capac-
ity, it must not be transsected at the grasp-
ing instrument. Thus, suction cuttérs are
not suitable rraction instruments for corti-
colysis from the capsule fornix. They are
used as curring instruments in lensectomy
for the removal of the whole lens (includ-
ing the capsule) and the anterior vitreous.
4% This is difficult in the presence of a torn
capsule, weakened zonule (subluxated
lens) or cyclodialysis. If the sclera gives
way, it can be reinforced by attaching a
stabilizing ring (see Fig. 1.47).
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Fig. 8.88. Achieving occlusion by a cannula
with an upward-directed side opening

Lefi: Establishing occlusion

Right: Loss of occlusion during guidance
movements

tion of the cannula opening to par-
ticle size is unfavorable, the surgeon
can reposition the canmala in an at-
tempt to locate a site where occlu-
sion can be established. The cannu-
la is moved to a position where
there is more accessible cortex - pe-
ripherally for large particles (Fig.
8.87b) and parallel to the capsule
sinus for thin strands (Fig. 8.87¢).
A cannula with a very small opening
may be needed to grasp tiny indi-
vidual libers (Fig. 8.87d).

The choice of the direction of the
aspiration port depends basically
on the lecation of the particle o be
aspirated. However, it is also im-
portant to consider the effects that
would occur if the occlusion were
primarily deficient? or became so
during the corticolysis.*' To avoid
inadvertent aspiration of adjoining
vital structures, *? it is safest to keep
the cannula opening pointed in a
direction where only additional cor-
lex can be aspirated, ic., laterally
(Fig. 8.89). It is relatively safe to di-

a Here the capsule margin terminates pe-
ripheral to the remaining cortex, and the
suction tip grasps the cortex outside the
capsule area (feff). I occlusion is deficient,
chamber fluid will be aspirated. When
traction is excrted on the cortex (right),
the suction tip moves away from the cap-
sule margin and poses no danger to it

rect the opening toward large ague-
ous-filled spaces. It is less sale to
direct the opening toward the ante-
rior capsule remnants, the capsular
sinug, or the posterior capsule, since
d break of occlusion in these cases
would endanger the capsule and
zonule (Figs. 8.88-8.91).

The actual cleavage mechanism,
traction, is produced either by suc-
tion or by guidance motions of the
aspiration cannula, This traction is
resisted by the tissue attachments
that must be ruptured in the corti-
colysis, i.e., by the interconnections
among the cortical libers (intracor-
tical resistance) and the connections
between the cortex and capsule
(corticocapsular resistance). 1T these
resistances are too high, the occlu-
sion will break and traction will be
lost.

It is useful, then, to distinguish
between cortex whose attachments
are 50 firm that the slightest motion
of the aspiration cannula will dis-
rupt the occlusion (** firm coreex™)

b Here the capsule margin extends farther
centrally than the residual cortex, and the
coriex is grasped bencath the capsule
(fefr). IT occlusion is deficient, the suction
tip will seize capsular tissue. The capsule
may remain in the danger zone even while
traction is applicd to the cortex **

and coriex that will follow motions
of the cannula and peel away from
the capsule (“peelable cortex™)
(Fig. 8.92).

When dealing with a firm cortex,
the only way to maintain the neces-
sary occlusion is to hold the aspira-
tion cannula sready against the cor-

0 The quality of occlusion cannot be con-
trolled if the occlusion is attempted under
conditions of poor visibility.

' Declusion may be lost during cortical
traction if the resistance to corticolysis is
teo high. A sudden break of occlusion
may also occur when material held by the
cannula 15 suddenly sucked into the open-
ing and aspirated through the lumen.

52 Recall that the full pressure differential
between the initial and terminal pressures
becomes active the moment occlusion is
lost.

** Aspiration with an  upward-directed
cannula orifice may be dangerous when
attempiled under conditions of poor
vision, [or then it cannot be determined
whether cortex (feff) or capsule (righr)
presents o the opening.



Fig. £.92. Traction on the cortex

a Firm corlex: The intracortical and cor-
ticocapsular attachments are sitronger
than the occlusion. Since occlusion is lost
when the cannula is moved, the cannula
must be pressed against the cortex and
held stationary. Traction is effected entine-
Iy on aspiration,

b Peelable cortex: The occlusion is stron-
ger than the cortical resistance, Aspiration
serves only to maintain the oeclusion, and
traction is excrted by moving the cannula

>
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Fig. 8.89. Achieving occlusion by a cannula
with a laterally directed side opening. [f oc-
clusion becomes deficient, adjacent corti-
cal matter is seized by the suction tip and
occlusion reestablished. There 15 little
danger of aspirating the capsule

Fig. 8.90. Achieving occlusion by a cannula
with a downward-directed side opening. The
main danger here is aspiration of the pos-
terior capsule. With its opening turned
downward, the cannula should be used
only for grasping particles that guarantee
occlusion throughout the procedure, eg.,
solid cortical fragments whose firm con-
sistency keeps them from being sucked
through the opening right away

Fig. 8.91. Achicving occlusion by a cannula
with a forward-directed opening. Here the
side-effects of deficient occlusion depend
on the level at which the suction tip grasps
the cortex. IF the cortex is grasped bencath
the anterior capsule (4}, the suction is di-
rected parallel to the capsule and poses
no danger to it IF oeclusion is deficient,
the tube will simply aspirate more cor-
tex. 3* I the cortex is grasped in the capsu-
lar sinus region (&), deficient occlusion
would allow aspiration of the equatorial
capsule with a nsk of zonule rupture

3 This i% true only il the tip is actually
beneath a tense capsule. If there are loose,
floating capsule remnants ahead, they
might be scized inadvertently by the tip.
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Fig. 8.93. Removal of firm cortex

a,b The aspiration port is pressed tightly
against the cortex to secure occlusion. The
cannula is held stationary during aspira-
tion.

¢,d To maintain acclusion during the pro-
cedure, the cannula 15 simply rotated to
appose the aspiration port to new portions
of the cortex

Fiz. 8.94. Removal of peelable cortex
CC corticocapsular attachments
AT intracortical attachments

a Making the initial gap. At this stage the
intracortical attachments are imlact and
aclive on both sides of the particle (o be
grasped. Tension on the intracortical and
corticocapsular attachments is diffuse. If
these resistances are too high the initial
gap is produced by aspiration alone (ac-
cording to the technigue shown for firm
cortex in Fig. 8.93).

b The initial gap having been formed, the
intracortical attachments are intact on
only one side of the particle to be re-
moved. As the corticolysis proceeds, the
goal is to place tension on the corticocap-
sular and intracortical attachments sepa-
rately rather than jointly so that the total
resistance to the traction is reduced. By
applying circumferential  traciion  away
Srom the initial gap, tension can be placed
selectively on the corticocapsular attach-
ments below the anterior capsule.

¢ Following separation of the corticocap-
sular attachments below the antenor cap-
sule, the intracortical attachments are rup-
tured by applying circumferential traction
toward the initial gap



tex and rely entirely on suction to
effect the corticolysis. **

Traction on a peelable cortex, on
the other hand, is produced by guid-
ance motions of the aspiration can-
nula (Fig. 8.92b). Occlusion is
maintained by moving the cannula
in directions where the lowest resis-
tances are encountered, i.e., in di-
rections that stress the intracortical
and corticocapswlar  attachments
separately and selectively (see
Fig. 2.55¢). The highest resistances
are encountered during formation
of the initial gap, i.c., extraction of
the first piece from the intact cortex
(Fig. 8.94a). During removal of the

remaining strips, the intracortical
resistances are reduced by almost
half.

When starting corticolysis from
the anterior cortex (Fig. 8.95) sepa-
ration from the anterior capsule is
the most difficult phase because
there the countertension against
traction al the corlex is low. In cen-
tripetal movements the traction is
opposed by a diffuse resistance
from corticocapsular attachments
(Fig. 8.95a), and tension becomes
selective only when the dissection
has reached the capsular sinus
(Fig. 8.95b). Conversely, if cortico-
lysis is initiated at the sinus
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Fig. 8.95, Removal of peelable cortex. Re-
sistances encountered by centripetal trac-
tion. Initiating traction below the anterior
capsule.

a Traction on cortex below the anterior
capsule places a diffuse tension on the cor-
ticocapsular attachments.

b When the sinus is reached, tension be-
comes selective, and resistance Lo separa-
tion is decreased.

¢ As the coriex is siripped from the posie-
rior capsule, temsion becomes even more
selective and resistance minimal

Fig. 8.96. Removal of peclable cortex. Initi-
ating centripetal traction in the sinus.

a [If traction is initiated in the capsule si-
nus, the tension is diffuse and the resis-
tance to separation is high (danger of
transmission to the zonules).

b As the traction 15 continued, selective
tension is exerted on the corticocapsular
attachments at both the anterior and pos-
terior capsule

(Fig. 8.96) tension is diffuse at the
sinus and becomes selective at the
anterior and posterior capsule.

After an initial gap has been
formed, circumjferential morion of
the cannula facilitates separation
from the anterior capsule (Fig.
8.94b and c).

** This reguires use of a cannula that can
both aspirate and remove firm material,
Matter too solid for removal in this way
must be delivered by the same technigues
used for the lens nucleus. The suitability
of firm cortex for hydrodissection can be
exploited by injecting fluid to weaken the
corticocapsular  bonds before  applying
traction to the cortex itself
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Removal of the Cortex

There are three basic methods for
removing the mobilized cortex:

1. The cortex 15 aspirated through
the lumen of the cannula. This
is held stationary at the center of
the anterior chamber because
that is the least hazardous posi-
tion in case occlusion is broken
(Fig. 8.97d Jef).

2. The particles are flushed from
the anterior chamber by irriga-
tion (i.e., by positive pressure)
(Fig. 8.974d, center). The cannula
opening is held close to the
chamber outlet as a safety pre-
caution in case of compensatory
bulging of the diaphragm (see
also Fig. 2.24),

3. The particle is withdrawn from
the eye while fixed at the cannula
tip (i.e., by guidance motions). In
this method the cannula is passed
into and out of the eye for each
individual particle (Fig. 8.97d
right).

Fig. 8.97. Phases in delivery of the cortex.
Bicolor cofumn: Guidance motions (M)
and wse of aspiration {4) in the varous
phases.

a Seeking ecclusion: Through guidance
maotions, the suction tip is applicd o the
cortical fragment.  Aspiration is not
switched on wntil the tp is fully apposed
1o the fragment.

b CFrasping : Guidance motions are discon-
tinued, and aspiration is swiiched on, The
cannula is held immobile at this stage so
that concomitant motion of the capsule
or iris, signifying inadvertent aspiration,
cian be recognized.

¢ Traction: Guidance motions are re-
sumed while aspiration is maintained.

d Removal, Left: The particle is aspirated
through the lumen of the cannula itself,
which is held stationary.

Center: The particle is removed by irriga-
tion. Motion of the cannula is limited 1o
regulating the cross section of the access
opening. Right: The particle is retracted
from the chamber with the cannula, i.e.,
by a continuation of phase ¢ (guidance
motions of the cannula while aspiration
is on)




Summary of the Procedure
for Delivery of the Cortex

Delivery of the cortex can be di-
vided into four phases based on the
forces that are applied (i.e.. aspira-
tion and guidance motions,
Fig. 8.97):

1. Seeking occlusion. Only the can-
nula 15 moved. Suction 15 nof acti-
vated until the cannula opening
is seated firmly against the cortex
(lo prevent aspirating aqueous,
iris or lens capsule).

2, Grasping (establishing [irm oc-
clusion). The grasping florce is
produced by activating the suc-
sion. The operator performs no
guidance motions at this time so
that he can detect any concomi-
tant motion of the iris or lens
capsule signalizing unintended
aspiration. *® When the operator
is certain that the cannula is well
occluded by cortex only, he may
proceed to the next phase.

3. Traction. The grasped cortical
matter is torn away from the cap-
sule. Guidance motions and suc-
tion are applied concurrently.

4. Removal. Whether the cannula is
held stationary in this phase or
maneuvered by guidance mo-
tions, and whether positive or
negative pressure in the cannula
is used, depends on the selected
maode of transport.

>
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8.3.5 Operations
on the Posterior Lens Capsule

The posterior lens capsule is deli-
cate and easily torn. Once a tear
is initiated, it will spread in re-
sponse to the slightest force. Direct-
ly behind the lens capsule is the an-
tevior fryaleid, which is even more
vulnerable. Thus, any manipulation
of the capsule threatens the integri-
ty of the vitreous body and must
be planned with that risk in mind.
Surgical procedures on the poste-
rior capsule are further complicated
by the difficulty of visual control.’
Thus the surgeon must rely partly
on indirect signs to identify the
boundaries of the capsule and its
relation to other structures,

Polishing the Posterior Capsule

Polishing 15 a method for cleaning
the posterior capsule of any residu-
al cortical remnants and opacities
that are adherent Lo its anterior sur-
face.

Residual cortical fibers 1oo fine Lo
occlude the opening of an aspira-
tion cannula arc wiped away with
a blunt instrument {e.g., spatula, ir-
rigation cannula) that is applied di-
rectly over or alongside the residual
matter. Polishing instruments ap-
plied to the surface of the fibers
need not come in contact with the
capsule itself. The instrument grips
the particles through friceion; there-
fore its working end is finely rough-
ened and has a relatively large sur-
face area (Fig. 8.98a).

By contrast, instruments applied
alongside the residues must come in

contact with the posterior capsule
in order to function, They mobilize
the particles by blocking their eva-
sion during guidance motions. The
instrument must  actually press
against the capsule, making it tense,
so that the contact becomes sulffi-
ciently strong to prevent particles
from slipping underneath. The effi-
cacy of this maneuver depends on
the lower edee of the instrument,
which must appose firmly to the
capsule surface (Fig. 8.98b). This
necessarily creates force vectors di-
rected toward (perpendicular to)

*& Immobility of the tip on grasping is
especially important if a small pupil pre-
vents direct visuahization of the cannula
opening.

*7 The lens capsule is transparent and in-
visible under coaxial illumination. Also, i
is usually too thin 1o cause scattering sufTi-
cient to be seen under oblique illumina-
tion,

Fig. .98, Polishing the posterior capsule

a Instrument applied to the surface of the
cortical residue, Forees are transmitted by
friction against the surface of the residual
fibers. If the undersurface of the polishing
instrument is large and roughencd, mini-
mal forces are needed. Once contact is es-
tablished, the instrument is moved strictly
parallel to the lens capsule.

b Instrument applied alongside the corti-
cal residue. To function properly, the pol-
ishing instrument must appose flush to the
capsule surface and must tense the capsule
50 that the cortical Obers will not push
it away from the instrument. This tension
implies force vectors directed perpendicu-
larly toward the capsule (large arrow).
Onee adequate tension has been estab-
lished, the polishing instrument is moved
strictly parallel to the capsule surface
(small arrow)
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Fig. £.99. Visual monitoring of the polish-
ing maneuver

a By making the capsule tense, the polish-
ing instrumeént forms an indentation
whose borders are made visible by light
reflexes. When the reflex appears halo-
like, the distance [} between the edge reflex
and instrument indicates the diameter of
the indentation and is proportional to s
depth. [ should remain constant as the
instrument is moved. This significs that
the instrument is moving freely over the
capsule without obstruction, and that a
constant capsule tension is being main-
Lained.

b Traction folds signify concomitant mo-
tion of the capsule, i.e., that the instru-
ment has “snagged™ the capsule and is
dragging it. Capsule tension increascs on
the side of the folds.

¢ If the capsule is stiffened by a fbrotic
plague, traction folds may not appear, so
excessive tension is not easily recognized,
The border between the plaque and nor-
mal capsule is prone to tearing due to the
difference in elasticity. The main risk of
rupture exists in motion away from the
plagque margin (&) motions parallel to the
margins of the fibrosis (5) are safest

the capsule itself. ** Since the oper-
ator has no appreciable tactile feed-
back, he must rely on visual criteria
when deciding how much force to
apply. The forces produce an ingen-
tarion of the capsule, recognizable
by a circular edge refllex whose dis-
tance from the site of instrument
contact indicates the depth of the
indentation (Fig. 8.99a).%°

Once contact has been estab-
lished, further application of per-
pendicular forces is suspended, and
the polishing instrument is now
moved strictly parallel to the cap-
sule surface. Visual control shows
a concomitant movement of the
edge reflex, whose diameter should
remain constant. Traction folds
(Fig. 8.99b) signify excessive ten-
sion of the capsule; they are a warn-
ing sign of impending rupture.

Excessive local tension may es-
cape notice at sites where the cap-
sule is indurated by fibrovic plagues.
The danger of tearing is usually
greatest al  the plagque margin,
where the rigid fibrosis * fixates™
the normal, elastic capsule. Polish-
ing at the edge of the plaque is saf-
est with strokes parallel to the mar-
gins (Fig. 8.99¢).

The fibrotic plaque itsell is not
easily removed. Its anterior surface
is smooth and is continuous with

normal capsule, so it is difficult to
engage with an instrument. The
posterior surface of the plaque is of-
ten embedded in folds of the under-
lying capsule, making it difficult to
establish a plane of separation.
Moreover, the plague has a much
tougher consistency than the cap-
sule, so any dissecting instrument
passed into the interfacial area will
have a tendency to deviate toward
the less resistant capsule. Conse-
quently, attempts to remove fibrot-
ic plagques entail a high risk of cap-
sule rupture.

58 The capsule cannot be made tense un-
less the zonule is intact. Subluxation of
the lens or ronule weakness due to pscu-
doexfoliation can make it impossible to
polish the capsule.

A lax capsule {eg., following removal
of a giant nucleus) requires considerable
indentation. Visual monitoring then be-
comes difficult because adequate indenta-
tion may move the contact site out of the
focus of the microscope, so refocusing is
required. Also, the localized “dimple™ in
the posterior capsule becomes less pro-
nounced, so the circular edpe reflex is
weak, Hence it 15 dangerous 1o use sharp-
edged polishing instruments, and a lax
capsule is preferably polished with a blunt
instrument that touches only the surface
of the cortical libers.



Posterior Capsulotomy

The main difference between anteri-
or and posterior capsulotomy is
that the anterior capsule overlies
lens matter that may be damaged
without compromising the surgical
goal, since its removal is already
planned. However, the posterior
capsule overlies wvitreous, which
must be preserved. Every effort is
made, therefore, to direct a mini-
mum of force posteriorly in a
planned posterior  capsulotomy.
Cutting with knives or scissors
tends to produce force vectors di-
rected toward the vitreous. The saf-

est way to open the posterior cap-
sule surgically is by fearing, where
applied forces exert a grasping
function and separation is directed
parallel to the capsule surface. ®°
Because the capsule itself is
grasped, contact between the instru-
ment and capsule must be stronger
than in polishing. Traction folds are
a positive sign, indicating that the
desired effect is being achieved. The
contact area between the instru-
ment and capsule should be very
small to achieve a maximum con-
centration of pressure. If sharp-
edged instruments are used for this
purpose, they do not act as cutting
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Fig. 8.100. Posterior capsulotomy by tear-
ing with a discission knife

a The knife is applied to the capsule at
an angle (x) of approximately 45°.

b The blade angle is increased to %0° 1o
optimize friction at the contact site.

¢ The knife is guided in a sweeping mo-
tion parallel to the capsule surface. Note:
The instrument is used not as a kaife but
as a “grasping instrument™ which tears
rather than cuts the capsule.

d Lateral sweeping motion produces tear

Fig. 8.101. Posterior capsullomy using an
aspirating cannula with an angled tip

a The outermost tip of the cannula is bent
toward the beveled surface to form a hook.
The tip should not be longer than the
thickness of the capsule {A).

b The beveled surface of the cannula 15
placed against the capsule, sinking the
hook inte the tissue. Gentle suction aids
the fixation of the capsule to the cannula
s0 that the fixating force vectors are di-
recied away from the vitreous rather than
toward it. Mote: If the cannula has a very
flat bevel, the distance D from the opening
to the tip (and thus to the capsulotomy)
is large, so the risk of inadvertently aspi-
rating vitreous is decreased.

¢ Traction on the cannula produces a iri-
angular capsulotomy analogous to Fig.
8.30a

instruments but as ultrafine contact
spatulas that first grip and then tear
the tissue (Fig. 5.100). The “grip”
can be improved by suction
(Fig. 8.101). Once the capsule is
opened, protection of the anterior
hyaloid is aided by allowing ague-
ous or viscoelastic material to flow
into and widen the interspace
(Fig. 8.102).

S The principles governing the applica-
tion of laser light to the capsule are dis-
cussed in Chap. 2.3,
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Fig. 8.102. Posterior capsulotomy using an
injecting cannula with an angled tip (injec-
tion of viscoclastic material)

a The tip of an infusion cannula is bent
away from the beveled surface.

b Viscoelastic material is injected over the
proposed capsulolomy sile.

¢ The cannula is placed against the cap-
sule with the tip pointing in the direction
the cannula will be moved.

d The cannula is pushed along the capsule
surface, raising a tissue fold that is en-
gaged by the sharp tip.

¢ The cannula is lifted and tears open the
capsule. This lifting maneuver creates a
suction effect that draws viscoelastic mate-
rial from the anterior chamber beneath the
capsule. Additonal viscoelastic matenal
can then be actively injected beneath the
capsule to protect the anterior hyalod.

f The capsulotomy is enlarged by a sweep-
ing motion of the cannula

Management of Incarcerations
of the Posterior Lens Capsule

In case of an inadvertent occlusion
of the aspiration port by the poste-
rior lens capsule, the fate of the lat-
ter depends on the pressure differ-
ential between the spaces on both
sides of the capsule (Fig. 8.103).

If the suction is on, the pressure
in the aspiration system is lower
than in the vitreous space, and the
lens capsule is sucked into the aspi-
ration port (Fig. 8.103a), where it
is apt to be torn.

If the pressure in the aspiration
cannula is then raised above the vit-
reous pressure by a back-flush of
fluid, the capsule can be repelled
(Fig. 8.103h).

If a back-llush system is not in-
corporated into the aspiration sys-

tem, the only recourse is to keep
the pressure on both sides of the
membrane equal and to rely on the
intrinsic tension of the capsule for
its retraction (Fig. 8.103¢). In prac-
tice, the pressures in all parts of the
hydrodynamic system are brought
to atmospheric ( =0): In the aspira-
tion system a valve to the outside
air is opened. The globe is trans-
formed into a pressureless system
(see Fig. 1.3¢) by keeping open the
access portal and stopping the infu-
sion stream (Fig. 8.104b).
Interrupting the infusion siream
for this purpose may secem paradox-
ical since it may appear that the
Now of the infusion is pushing the
capsule away from the aspiration
cannula. But in fact the infusion
raises the pressure within the globe
and thus pushes the capsule into the

aspiration port (Fig. 8.104a). Only
in a pressureless system can the in-
fusion be exploited to repel the cap-
sule, provided short bursts are used
which infuse so little volume that
no pressure increase can  result
(Fig. 8.103).
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Fig. 8103, Effect of pressure differentials
on the behaviour of an occluding lens cap-
sule

P, outllow pressure

P, chamber pressure

P, vitreous pressurc

a If the pressure in the precapsular space
{aspiration system} is lower than in the re-
trocapsular space (vitreous chamber), the
occluding membrane is sucked into the as-
piration port.

b Il the pressure in the aspiration system
becomes higher (through back-flush), the
memhbrane is pushed back and ocelusion
no longer exists.

¢ Il the pressures on both sides of the
membrane are equal, the tension of the
capsule determines whether the frctional
resistance between the incarcerated cap-
sule and the aspiration port can be over-
come and the capsule released

Fig. 8.104. Releasing an incarcerated cap-
sule without back-Mush

a Il the aspiration is stopped and the pres-
sure in the aspiration system is brought
o zero, there will be a pressure differential
al the aspiration port if the infusion
stream continues and keeps the intraocu-
lar pressure above sero

b IT the infusion is also stopped, the pres-
sure in the globe falls to zero (provided
the outflow path from the chamber re-
mains open)®”

Fig. 8.105, Retraction of the posterior lens
capsule in a pressureless system

Bursts of infusion so short that they can-
not raise the intraocular pressure increase
the tension of the capsule and allow lor
retraction of the membrane

&1 This is true only if the pressure in the
vitreous chamber is zero. IF there 15 posi-
tive vitreous pressure, only the pressure
in the anterior chamber becomes zero.
There remains a pressure differential at the
aspiration port, and there is no way to
repel the incarcerated capsule (unless one
succeeds in providing a back-flush with
pressures above those in the vitreous).
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Management
of Posterior Capsule Rupture

All measures following rupture of
the posterior capsule are geared to-
ward the behavior of the wvitreous.
The goal is to isolate the posterior
capsule and anterior segment from
the vitreous body.

If the anterior hyaloid remains
behind the capsule, the surgery may
proceed as for a planned capsulo-
tomy. This uncomplicated situation
is recognized by observing the mer-
gins af the tear, which should retain
their original linear or sharply an-
gulated shape (Fig. 8.106a).

If the vitreous moves forward, it
will separate or even enlarge the
capsule tear. The defect in the elas-
tic capsule then becomes circular in
shape — a sign that an active force
is pushing apart the margins of the
tear (Fig. 8.106b).

If the anterior hyaloid has re-
mained intact, the prolapse can be
repositioned and the margins of the
posterior capsule reapproximated.
Since there is still 2 boundary be-
tween the vitreous chamber and an-

terior chamber, the problem can be

solved by space-tactical means.
Raising the anterior chamber pres-
sure to a level exceeding the vitre-
ous pressure will push the prolapse
backward. This requires a water-
tight wound closure.

If the operating plan prohibits
definitive closure of the anterior
chamber {e.g., prior to the insertion
of an IOL), the pressure in the ante-
rior chamber cannot be raised ; fluid
injection has no effect. If air is in-
Jected in this situation, it functions
less as a space-tactical instrument
than as an expanding spatula. The
bubble presses on the prolapsed vit-
reous anly from above, so it is effec-
tive for flattening the prolapse but
it will not necessarily reduce it
(Fig. 8.107).%? For reducing a pro-
lapse with viscoelastic substance, the
material 15 imjected first around the
sides of the prolapse to reapproxi-
mate the everted margins of the le-
sion (Fig. 8.108). The viscoelastic
ring contains the material that is in-
jected later towards the center in
order to direct so that is directed
the prolapse back through the cap-

sule lesion.®* Once the torn mar-
gins of the capsule are fully reap-
proximated, the reduction is com-
plete (Fig. 8.106a).

If the anrerior hyaloid 1s ruptured
and the vitreous prolapse is not re-
ducible by the method described,
reduction must be accomplished by
decreasing the vitreous volume, ie.,
by anferior vitrectomy.

2 The main advamtage of having air over
a fattened vitreous prolapse is that the
bubble defines areas in the anterior
chamber that are devoid of vitreous and
s0 are available for surgical manipula-
tons, MNote, however, that vitreous may
reappear in the anterior chamber [ollow-
ing absorption of the air in the postopera-
tive perind.

5 In this final phase of the reduction
when only downward-directed lorces are
needed, air can also be injected over the
viscoelastic material. This can be done as
soon as the capsular tear has lost its circu-
lar shape and its margins have started to
move closer together,
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Fig. 8.106. Behavior of the breached poste-
rior capsule

a If the anterior hyaloid remains in its an-
atomic location behind the lens capsule,
the capsule lesion will have straight or
sharply angled margins.

b If witreous prolapses  through  the
breached capsule, it will separate the mar-
gins of the lesion, which now appears cir-
cular due to the interaction between the
evenly distributed forces of the protruding
vitreons and the evenly distributed resis-
tance of the capsule

Fig. 8107, Attempt to reposition intact
prolapsed vitreous with air

a An injected air bubble compresses the
prolapse from above and will reduce it if
the anterior chamber 15 closed and the
pressure can tise there ™.

b If the anterior chamber is not complete-
ly watertight, expansion of the bubble will
cause a compensatory loss of aqueous,
The prolapse is fattened but not reduced.

¢ With a large prolapse, there is insufli-
cient aqueous o compensate for the vol-
ume shift, and the expanding bubble will
tend Lo expel vitreous from the eye rather
than reduce the prolapse

Fig. 8.108. Reduction of an intact vitreous
prolapse with viscoclastic material

a Starting from the periphery of the cap-
sule and working toward the center, a
“wviscoelastic spatula®™ 15 injected toward
the everted capsule margin to push it back
toward the prolapse and hold it in place.
b This procedure is continued all around
the lesion until the capsule margins are
s0 positioned that pressure from above
will no longer evert them. Contained in
this way by viscoclastic material, the pro-
lapse can only move downward when
compressed (rom abowve,

¢ Finally viscoelastic material is injected
onto the prolapse from above, effecting
the reduction

5 Note: As the pressure rises the air bub-
ble is compressed. Successful pressure in-
crease, then, is recognizable by a discrep-
ancy between the amount of injected air
and the resulting increase in bubble size,
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Fig 8.109. Space-tactical situations aflter
evacuation of the capsular bag

a Obliteration of the retroiridal subcom-
partments. Any forward motion of the di-
aphragm following evacuation of the cap-
sular bag will restrict the interspaces be-
tween the iris, anterior capsule, and poste-
ror capsule.

b Reformation of the anterior chamber
with watery fluid. As the anterior chamber
is repressurized, the posterior capsule is
restored Lo its anatomic position. The po-
sition assumed by the iris and anterior
capsule remnants depends on their hissue
tension. The iris moves onto the plane of
the irs root. The tension of the antenor
capsule remnants depends on the size and
shape of the capsulectomy, **

¢ Obliteration of the subcompartments by
air injection. The air pressure chamber
opens the chamber angle but depresses the
inis against the capsule layers, narrowing
the spaces between them.

d Selective reexpansion of the suboom-
partments by injection of viscoelastic ma-
terial into the chamber angle (A), the ir-
docapsular interspace (8), and the inter-
capsular space ().

¢ Separation of the anterior and posterior
capsule layers in the presenee of & small
capsulotomy. Total wvisco-occupation of
the collapsed capsular bag resiores s
shape and increases ils tension

55 A plain circular capsuleclomy may
leave the capsule remnants lense, whereas
an excision with angled or jagged edges
relieves tension and leaves tags of tissue
that Moat in a watery medium,
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Measures on the Lens Capsule
Relating to the Insertion
of Intraocular Lenses

The iridocapsular and intercapsular
spaces may become obliterated fol-
lowing evacuation of the capsular
bag. The anterior capsule tends to
fall back onto the posterior capsule,
and both capsule layers may appose
to the undersurface of the iris
(Fig. 8.109a). This makes it diffi-
cult to position a retropupillary
IOL accurately.

Selection of Pre- and Intercapsular
Insertion Sites

Selective reopening of the desired
intraocular compartment for posi-
tioning the supporting loops of an
10OL is a problem of spatial tactics.

If the space is reexpanded with
watery fluid, it is necessary first to
restore the anterior chamber as a
pressure chamber. This requires a
wound closure that can retain suffi-
cient watertightness during the in-
sertion maneuver.®® A satisfactory
space can usually be developed be-
tween the capsule layers and the
iris. Success in separating the ante-
rior and posterior capsule layers
themselves depends on the tension
of the anterior capsule. This is in-
fluenced by the shape of the anteri-
or capsulotomy (Fig. 8.109b) and
cannot be increased secondarily by
the injection of watery fluid.

Basically, air injection merely en-
larges the anterior chamber. It re-
moves the corneal endothelium
from the field of manipulations and
widens the chamber angle. How-
ever, the iris and capsule layers are
pressed backward as a unit, and the
inlerspaces among them are com-
pressed (Fig. 8.109¢),

Fig. £.110. Selective placement of viscoe-
lastic material in the iridecapsular or inter-
capsular interspace

a Expansion of the iridecapsular inter-
space. The cannula tip elevates the ins
away [rom the antenior capsule, and the
viscoelastic material is injected toward the
undersurface of the iris. This presses the
anterior capsule against the postenior cap-
sule and prevents viscoelastic material
from ¢ntering the space belween the cap-
sule layers.

b Expansion of the ftercapsuwlar space.
The posterior capsule is pressed back
away [tom the anterior capsule by first
injecting the viscoelastic material toward
the center of the posterior capsule (center
of the pupil). From there the maierial
spreads peripherally along the surface of
the posterior capsule, therchy expanding
the space between the two capsule layers

The different compartments can
be selectively shaped with viscoelas-
tic materials. The indocapsular and
intercapsular spaces can be ox-
panded segmentally or over their
whole circumference (Fig. 8.109d,
e).

The seleciive placement of visco-
elastic material into subcompart-
ments is easy if the remnants of the
anterior capsule are plainly discern-
ible. However. il the capsule rem-
nanis are not accessible, the visco-
elastic material may be injected 1o-
ward the adjacent membranes, i.e.,
toward the iris to press it forward
or toward the posterior lens capsule
to press it backward (Fig. 8.110). I
the posterior capsule is breached,
the rupture site must first be tam-

¢ Requirements in this regard depend on
the level of the vitreous pressure, for an
equal level must be established in the ante-
rior chamber o restore a normal chamber
depth and normal anatomic relations
within the eyve.
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Fig. 8.111. Expanding the peripheral com-
partments Tollowing rupture of the posterior
capsule

a Expansion of the retroiridal space by in-
jecied viscoelastic material causes compen-
satory vitreous prolapse through the rup-
ture site.

b This prolapse, often invisible within the
viscoelastic medium, prevents the place-
ment of IOL haptics behind the iris.

¢ The first step, then, is to tamponade the
rent in the posterior capsule (see Fig. 1.23)
before proceeding to expand the retroiri-
dal space

ponaded before the subcompart-
ment is expanded peripherally (Fig.
B.111).

The use of viscoelastic materials
has the additional benefit of in-
creasing the tension of the capsule
and smoothing it out so that im-
plants can glide over the capsule
surface without becoming snagged
in folds. Further, *visco-occupa-
tion™ of the anterior chamber can
immaobilize the implant in any posi-
tion along its insertion path without
the need for instrument fixation.
Thus, malposition of an implant
during insertion can be corrected by
releasing the [OL, reorienting it, re-
grasping it in a better position, and
guiding it optimally to the implan-
tation site.

The increased resistance of the
viscoelastic material, however, can
cause the implant to deviate from
the intended path during insertion
either at the surface or within the
viscoelastic bolus itself. Deflection
at the interface between a liguid and
viscoelastic medivm (Fig, 8.112) is
best avoided by eliminating such in-
terfaces altogether, i.e., by placing
the viscoelastic material along the
entire insertion route from the cor-
neoscleral incision to the implanta-
tion site. If the implant must tra-
verse an interface, the degree of the
deflection 15 minimized i it is
passed through at an angle ap-
proaching 907,

£

Deflection can even occur within
the viscoelastic medium itself when
the moving implant presents an an-
gled surface to the medium
(Fig. 8.113). The asymmetrical re-
sistances that produce this deflec-
tion are unavoidable during the in-
sertion of an angulated implant;
however, the effect of these resis-
tances can be reduced by inserting
the implant very slowly.

In practice, deflection is mainly
a problem when an implant with
soft, elastic supporting haptics is
used. If the implant is handled by
those haptics during insertion, their
elasticity will provide the force for
guiding the optic portion into the
desired position. This elasticity is
opposed by the elastic resistance of
the wiscoelastic material beneath
the optic portion, which tends to
repel the implant and push it back.

TN

Once the implant has been maneu-
vered to its definite position, it must
be held in that position for a mo-
ment so that the surrounding
viscoelastic material can vield and
stabilize. If the haptics are released
too soon, the molecular chains will
not have time to rearrange below
the implant, and they will repel it
from the desired position.

If the resistance of the viscoelas-
tic material is too high in relation
to the clasticity of the haptics (as
in implants with a large optic por-
tion), it becomes impossible to in-
sert the implant by manipulation of
the haptics. The larger the optic
portion, the more one has to rely
on techniques in which the implan-
tation instrument grips the opiic
portion of the IOL directly
(Fig. 8.114).
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Fig. 8£.112. Deflection of soft haptics at the
interface between liquid and viscoelastic
media

a If viscoelastic material has been imjected
only into the deep portions of the anterior
chamber, the resistance at the interface is
higher on the side of the viscoclastic mate-
rial (wide arrow) than on the side of the
watery flwd (thin arrow). Deformable
haptics are deflected and cannot be in-
serted behind the ins.

b If the viscoelastic material forms a con-
tinuous medium from the corneal incision
to the destination, the haptics cncounter
equal resistances above and below, and
deflection does nol occur

Fig. £.113. Deflection tendencies within the
viscoelastic medium, [ the haptics are posi-
tioned at an angle to the oplic portion af
the implant, they will encounter asymmset-
ne resistances when the implant is moved
on the plane of the optic portion. Resis-
tance 1o the motion of the haptic (mediom
arrow) has a component that exerts an up-
ward force on the haptic (wide arrow)

Fig. 8.114, Overcoming viscoelastic resis-
tance to the optic portion of an 101

a Viscoelastic material in the capsular hag
offers high resistance against placement of
the large optic portion of an implant.

b This resisiance can be overcome by
pressing the optic portion downward with
a spatula,

¢ The implantation forceps isell, il pro-
perly shaped, can be used to exert counter-
pressure on the optic portion of the [OL.
Mote that while in a the haptic is gripped
with the tips of the forceps, here it is
gripped farther back on the forceps, whose
tips can then project over the oplic portion
and push it down.

d Here the optic portion is seated with a
laterally applied insertion spatula whose
front surface has a guide slot. (The back
surface of the spatula is hook-shaped [or
retraction of the iris and lens capsule)
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Artificial Capsule
Jor Aiding IOL Insertion

The lens capsule provides a useful
guide surface for the placement of
retropupillary 10Ls. Through its
resistance, it can direct the haptics
of the implant to their fixation sites
in the ciliary sulcus or intercapsular
sinus. Without this guide surface,
it is difficult to keep the haptics on
the intended path.

Fig. 8.115. * Air sandwich™ as an artificial
lens capsule

a A protective layer of viscoelastic materi-
al is placed over the vitreous surface. This
layer should just cover the anterior hya-
loid as a protection. If too much material
is injected, there will be insuficient vol-
ume for the subsequent injections during
stepa boand ¢,

b An air bubble is injected above that
layer,

¢ Another layer of viscoclastic material is
injected above the air bubble, pressing the
bubble down behind the pupil.

d The haprics of the intraocular lens glide
along the bubble surface into the ciliary
sulcus. The buoyancy of the bubble keeps
the optic portion of the implant elevated
and holds the [OL against the undersur-
face of the iris

If the lens capsule is absent fol-
lowing an intracapsular delivery or
an extensive tear of the posterior
capsule, an artificial guide surface
can be formed by utilizing the mem-
brane-like properties of interfaces.
This is done by injecting an air bub-
ble behind the pupil and holding it
in place by filling the prepupillary
space with viscoelastic material
{Fig. 8,113). The haptics of the im-
plant are applied to the surface of

the bubble at small angles so that
they glide along its surface and do
not penetrate it. In that way they
can be safely guided through the
pupil and along the posterior face
of the irs into the ciliary sulcus,
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