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5 Operations on the Cornea and Sclera

5.1 General Problems
of Surgical Technique

The coats of the eye consist of la-
mellar tissue. From a surgical
standpoint  we -may  distinguish
zones with very regular lamellae,
such as the cornea, from zones with
irregular  famellae, such as  the
sclera. These zones differ optically
in their transparency, and their ana-
tomic junction occurs in the bluish-
gray transition zone at the limbus
(Fig. 5.1).

The technique of surgical mani-
pulations is greatly influenced by
the intraocular pressure. Methods
that are effective at a high pressure
are not so when the pressure is low,

Fig. 5.1. The corneoscleral boundary : zone
of regular lamellar architecture and transi-
tion zome. Externally, the vertical corneal
diameter appears smaller than the hon-
zontal, but internally the diameters are ap-
proxamately equal in both directions.
Thus, the transition zone at the limbus is
wider superiorly and inferiorly than later-
ally and medially

This means that manipulations
serving one and the same purpose
must be performed differently be-
fore and after opening the globe.
When the intraocular pressure is
high, the tissue in front of a cutting
edge can be immobilized with a fixa-
tion instrument applied anywhere
on the globe, for in this situation
it will fixate the eye as a whole.

When the intraccular pressure is
low, fixation is effective only when
the tissue is grasped and immobi-
lized very close to the cuiting edge
(Fig. 2.54¢).

Intraocular pressure also affects
the sharpmess of cutting instru-
ments, Blades that are sharp at high
pressure can behave as blunt instru-
menis when the pressure is low (see

Fig. 5.2. Effect of corneoscleral lamellar
structure on cutting technigue

a Because the tissue has a lamellar struc-
ture, an incision started obliguely tends
to stray onto the plane of the lamellae.
Thus, a blade inserted at point 4 will not
follow a straight path to point B8, but will
enter the anterior chamber at C. Allow-
ance must be made for this, but the dis-
tance & of the lamellar deflection is difhi-

cult o estimale as it depends on the cul-
ting ability of the blade and the sectility
of the tissue.

b If the chamber is to be entered at a pre-
determined point £, a metal keratome (rel-
atively blunt) needs o be inserted more
peripherally (A°), while an ultra-sharp dia-
mond blade can be inserted at A4 along
a straight path aimed dircctly at 8
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Fig. 2.53). This must be considered
when attempting to open the anteri-
or chamber as well as in the dissec-
tion of lamellae. An incision made
obliquely through the lamellae
tends to stay on the original path
when the intraocular pressure is
high, but at low pressures it under-
goes significant lamellar deflection
and may even fail to reach the tar-
get (cf. Fig. 2.61). As it is difficult
to assess the tendency toward la-
mellar deflection in a given situa-
tion, poor precision is always a risk
when obligue incisions are used
(Fig. 5.2). In work requiring high
precision, then, these incisions
should be avoided in favor of inci-
sions made perpendicular or paral-
lel to the lamellae. The vertical inci-
sion determines the precise depth of
the cut, while parallel dissection de-
termines the size of flaps.’

Fig. 5.4. Incision with a preset depth

a Example of a stop arrangement for a
razor-blade holder. One jaw of the holder
is squarc-edged and acts as a depth stop;
the other jaw, which faces the surgeon, is
beveled to facilitate visual control.

5.2 Dissection Technique

Reaching the Desired Depth. The
depth of a vertical incision can be
estimated from the length of blade
immersed in the tissue (Fig. 5.3). In
longer incisions it is easier to main-
tain a specified depth by fitting the
blade with a srop (Fig. 5.4). How-
ever, this stop will function precise-
Iy only if the knife is held at a desig-
nated angle to the tissue surface

Fig. 5.3, Vertical incision. The depth of a
vertical ingision s estimated by the length
of blade tip concealed by the tissue

(Fig. 5.4¢). The preset depth can
never be achicved along the entire
cut, the difference depending on the
shape of the blade and its guidance
(Fig. 5.5).

Initiating the Lamellar Dissection.
The major goal in the initial phase
of a lamellar dissection is to create
sufficient space, so that the blade
can be rotated 90° for dissecting on
the plane of the lamellae (Fig. 5.6).%

1 Examples: In the hmbal transition zone:
Narrow flaps for 3-step incisions, wider
flaps for covering antiglavcomatous fistu-
lag, In the cornea: Lamellar grafis, In the
sclera: Pockets for intrascleral implants in
buckling retinal detachment operations,
lamellar sclerectomies for removal of
uveal tumors.

* This step calls for high precision if the
Mlap must have a uniform thickness 1o its
outer edge, as in lamellar keratoplasty.

b The results are determined by the guid-
ance direction of the cutting edge. They
are not influenced by whether the blade
is “pushed ™ or * pulled™ through the tis-
sue, although a forward incision (righr)
gives @ better view of the tissue to be in-
cised.

¢ The preset depth is reached only when
the blade holder iz held in a predetermined
position. In other positions the entire pre-
set blade length may not enter the tissue
{eft). If the holder is pushed down against
compressible tissue (right), it may indent
the surface and cut to a greater depth than
the preset value
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Fig. 5.5. Profiles of vertical cuts at preset
depth. Shown here are cuts produced by
a triangular diamond knife with front and
rear cutting edges (inset).

Left: Paths traveled by the blade,

Right: Resulting cut profiles.

X: Portion of cut with insufficient depth.

a Il the blade is graduwally introduced into
the tissue while moving forward (fef¥), the
initial part of the cut will be more superfi-
cial than planned (i.e., than preset with
the stop).

b If the blade is thrust full depth inte the
tissue (A) before the horizontal motion ()
15 begun, the cut will have the preset depth
for almost its full length. Only the end pro-
files will vary depending on the shape of
the blade. Here the blade is pushed, so
the longitudinal cut profile is oblique at
the beginning and vertical at the end.

¢ If the same blade is pulled, the cut pro-
file is vertical at the beginning and oblique
at the end

Fig. 5.6 Starting the lamellar disscction

a The iissue is incised to the predeier-
mined depth as shown in Fig. 5.3 or 5.4,
b If the wound lip is picked up with a
forceps to begin the lamellar dissection,
the tissue becomes stretched, and it is diffi-
cult to assess accurately the depth of the
incision. The blade has io be applied
obliquely and may not reach the desired
plane.

¢ Precision is increased by passing the
blade vertically to the base of the prepared
groove and then pushing it laterally while
keeping 1t in the upright position,

d Given the space limitations, a short an-
gulated blade facilitates the initial under-
mining of the fap.

€ As the undermined area offers sufficient
space for mancuvering, the dissection may
be continued with 2 blade inserted
obliquely
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Fig. 5.7. Dissection of lamellae. The var-
ious techniques of lamellar  dissection
differ in how the mobilized flap is held
while the interlamellar fibers are divided.
Az In situ flap

B: Elevated flap

C: Refleoted Nap

In A the ibers to be divided retain their
anatomic position, but they are obscured
by the overlving flap. B and C allow a
direct view of the fibers but lead to the
formation of a hinge fold, ie., to tissue
deformation with a change in tension

Continuing the Lamellar Dissec-
tion. When sufficient space has been
created at the base of the cut for
maneuvering the blade, wvarious
techniques are available for con-
tinuing the lamellar dissection.
They differ with respect to visibility
and tissue tension, and these are de-
termined by the angle that is main-
tained berween the free margin of
the flap and the plane of the dissec-
tion (Fig. 5.7).

The dissection of an in situ flap
(Fig. 5.8) is difficult to monitor
visually and is suitable only in cases
where the dissection can be per-
formed bluntly.® The fibers to be
divided are obscured by the overly-
ing flap, and only the paosition of
the blade can be evaluated. It is
directly visible in the transparent
cornea; in opaque lissue it can be

checked indirectly by lifting the

blade slightly to make a visible
bulge in the tissue surface.*

Dissection with an elevared or re-
Mected flap affords a clear view of
the interlamellar fibers, so either
technique is appropriate when
sharp dissection is required. How-
ever, the elevating or reflecting ma-
neuver deforms the tissue, and a
hinge fold is produced which affects
the position and tension of the
fibers to be divided.

In the elevated flap, the interla-
mellar fibers at the ends of the
hinge fold come under high tension,
while the fibers at the center of the
fold are lax (Fig. 5.9). This means
that the cutting edge tends to en-
counter deeper fiber scgments at the
ends of the fold, and more superfi-
cial segments at the center. Another
effect is that the sectility of the end
fibers is increased, making those
fibers easier to cut, and deviations
of the dissection from the anatomi-
cal lamellar level are more likely to
occur there than at the center. The
fibers are less sectile centrally,
where it is easier to maintain the
plane of a given lamella,

The effects of the hinge fold can
be reduced by shorrening its length.
This is achieved either by dividing
the end fibers first and then gradu-
ally dissecting toward the center, or
by subdividing a wide flap into nar-
rower segments (see Fig 1.54) if

this is compatible with the opera-
tive goal.

In the reflected flap the tension
of the interlamellar fibers does not
stem directly from the forceps trac-
tion. Its distribution over the hinge
depends far more on the guantity
and tension of the reflected tissue
(Fig. 5.10). Thus, a uniform tension
can be maintained across the devel-
oping flap, regardless of the fap
width, and this makes it easier to
dissect a flap of even thickness.
However, reflection of the flap
bends the hinge, and the tissue
offers resistance to this bending ac-
tion. The degree of resistance for
a given tissue and given intraocular
pressure depends on the thickness
of the reflected flap, so it can be
decreased by reducing the flap
thickness,

* This technique is most satisfactory for
the blunt dissection of well laminated tis-
sue, ¢.8., for lamellar keratoplasty in situa-
tions where healthy cornea is retained be-
neath the excised arcas. The safety of the
blunt dissection is enhanced by low sectil-
ity {low intraocular pressurc).

* It is safe to perform the lifting movement
separately from the culting movemnent,
i.e., to discontinue cutting while checking
the blade position, and vice-versa,

# Where high precision is required, as in
preparation of the bed for lamellar kera-
toplasty, it 15 best achieved by dissecting
thin lamellae layer by layer.
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Fig. 5.8. Lamellar dissection of an in situ
Map. Tissue deformation is slight and is
minimal when the blade or its neck has
the same curvature as the substrate (i.e.,
the ocular surface). The interlamellar
fibers to be divided retain their natural po-
sition. Their tension depends on the thick-
ness of the blade

Fig. 59. Hinge formation by an elevated
flap. Elcvating the Mlap creates a hinge fold
with characteristic ¢ffects: The lateral
cdges of the flap (E) are raised and the
adherent fibers are made tense, while the
center of the flap (C) is depressed and its
fibers are lax. IF division of the fibers is
started at the edges, the hinge becomes
shorter, and the central fibers gradually
come under tension

Fig. 5.10. Hinge formation by a reflected
flap. When the flap is reflected as it is de-
veloped, the hinge tends to be curved ; the
tension of the interlamellar fibers depends
on the Map thickness, and therefore the
fibers can be made uniformly tense. Un-
equal tension develops only if there is sub-
stamtial resistance to bending of the hinge
axis
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Fig. 5.11. Development of an elevated flap.
The interlamellar fibers to be divided are
perpendicular to the tissue surface, so a
blade held perpendicular to the fibers is
parallel to the lamellae themselves.

a Sectioning the fibers close to the Map
yields a thin superficial lamella.

b Sectioning the fibers al their base yields
a thicker flap.

¢ The plane of the dissection is adjusted
by vertical movements of the blade

Since changing the position of
the flap alters not only the tension
on the interlamellar fibers but also
their direction, the direction of blade
movements must be changed ac-
cordingly. In the elevated flap, the
fibers are pulled upward. Cutting
the fibers at their upper end yields
a thinner Map, while cutting at their
lower end yields a thicker flap.
Thus the flap thickness is changed
by vertical movement of the blade
(Fig. 5.11). In the reffected flap, the
exposed fibers acquire a more hori-
zontal erientation, so the flap thick-
ness is changed by horizontal move-
ments of the blade (Fig. 5.12).

Fig. 5.12. Development of a reflected flap.
The interlamellar Obers are onented
roughly parallel to the direction af the la-
mellage. The blade is held vertically.

a The superficial lamella is made thinner
by dividing the libers close 1o the fold.

b A thicker Map is oblained by sectioning
the fibers near their base, or farther away
from the fold.

¢ The plane of the dissection is adjusted
by horizental movements of the blade, ie.,
by moving it closer to the fold or farther
from it
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5.3 Planning the Approach
to the Eye Interior

Considerations in planning the ap-
proach for an intraocular proce-
dure include not only the size of the
incision but also its method of clo-
sure. The major concern is accessi-
bility to the ocular interior, i.c., the
size of the useful access opening. But
equal attention must be given to
planning the wound closure. Ellec-
tive closure implies not only perfect
geometric apposition of the wound
margins but also a watertight
wound that will maintain its integri-
ty even under mechanical stress,

Both anatomic and geomeirie Fac-
tors are relevant in these considera-
tions.

5.3.1 Anatomic Factors
in Opening the Globe

The maximum possible length of a
useful access opening is limited by
anatomic and topographic con-
straints. Anatomic [actors also in-
fluence closure by determining the
biologic healing potential of the
wound (i.e., long-term closure). ®

The best route of approach o the
vitreous chamber is through the
sclera over the pars plana of the cili-
ary body. The best approach to the
anterior chamber is through the lim-
bal region (Fig. 5.13).

In opening the vitreous chamber,
the position of the pars plana can
either be estimated from statistical
data on the limbal distance or de-
termined directly by diaphano-
scopic transillumination (Fig. 5.14).
Whether the incision is made ra-
dially or parallel to the limbus will
depend on the relation of the pro-
posed ncision to the cowrse of the
larger uveal vessels. The exposed
vessels themselves can be difficult
to distinguish from surrounding
pigmented tissue by visual inspec-
tion. They are identified either by

>

Anatomic Factors in Opening the Globe 151

Ny

N

Fig. 5.13. Approaches to the eye interior,
The virreous chamber is reached with few-
est complications through the pars plana.
A more antenior approach is obstructed
by the ciliary muscle and may provoke
bleeding from the vessels of the ciliary pro-
cesses. Approach behind the pars plana
would perforate the retina. The anterior
ehember is best approached from the lim-
bal region so that any postoperative scars
will not impair vision

transillumination

diaphanoscopic
or by diathermy, which produces
appreciably less tissue shrinkage
over the large vessels,”

There are various routes of ap-
proach to the anterior chamber
from the limbal region, each offer-
ing advantages and disadvantages
in terms of the surgical lesions in-
flicted on anatomic structures.

*The healing potential of vascularized tis-
sue (sclera, limbus) is greater than that of
avascular tissue (cornea),

" Shrinkage is reduced over blood vessels
because convective heat transfer is higher
than in the neighboring avascular tissue
(see Fig. 2.138).

Fig. 5.14. Approaches to the vitreous
chamber. The danger of hemorrhage on
perforation of the vascularized uvea de-
pends on the relation of the masion o
the course of the vessels. Incisions that
cross the vessels (fe2ft) expose multiple vas-
cular branches, and a suitable access site
can be found between them. Incisions par-
allel 1o the vessels (right) can be made lon-
ger without vascular imjury but make
more difficult to locate an avascular inler-
val. The dark-shaded area represents the
ciliary #one that absorbs more light under
diaphanoscopic illumination. Nete; The
limbal distance of the ora serrata is shorter
nasally (6 mm) than temporally (7 mm})
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Fig. 5.15. Approaches to the anterior
chamber

a Owuter surface

Scleral incision; ‘H’a.ticulari.m:l} Subcon-

Limbal incision: Mearly avas- » junctival
cular

Corneal incision: Avascular

b Inner surfoce
Subciliary approach: Tmplies cyclodialvsis

Angular approach:  Traverses the struc-
tures of the chamber
angle

Corneal approach:  Perforates Desce-
met's membranc and

the endothelium

The routes of approach differ
externally (Fig. 5.15a) in their vas-
cularity, a major factor determining
the quality and rate of wound heal-
ing and the potential for hemor-
rhage. They also differ in the op-
portunity for coverage with con-
junctival flaps, which are useful for
effecting rapid closure and wound
repair but may obstruct the view of
the operating field in the anterior
chamber,

Internally (Fig. 5.15b) it 15 im-
portant to consider the relation of
the incision to the structures of the
chamber angle. A corneal approach
enters the chamber at a distance
from the iris root, facilitating the
removal of synechiae and incarcera-
tions and decreasing the likelihood
of their formation in the postopera-
tive period,

Entering at the chamber angle
may damage the trabecular mesh-
work and the drainage channels.
The peripheral location of the inci-
sion favors the development of syn-
echiae,

A subciliary approach requires di-
vision of the ciliary attachment to
the scleral spur and, unless perma-
nent cyclodialysis is planned, is
suitable only for narrow openings.
It gives excellent access for the divi-
sion of peripheral synechiae. It is
also a good approach for injecting
air or fluid to reform the anterior
chamber against a high counter-
pressure, since the access opening
is quickly tamponaded by the cili-
ary body when the cannula is with-
drawn.

5.3.2 Geometric Factors
in Opening the Globe

The geometry of the wound deter-
mines the size of the wseful access
apening in relation to the wound
length that is visible externally. Ge-
ometric factors also determine the
guality af the wound closure at the
end of the operation (short-term
closure).

Planning the Useful Opening

The wound length visible on the ex-
ternal surface of the eye gives no
clue to the wseful opening that is
available to the operator. The
lengths of the external and internal
openings may differ greatly owing
to the thickness of the ocular wall.

The ratio of the internal and ex-
ternal openings for a given incision
technique is influenced by the width
of the wound surfaces. As the wound
surface becomes wider, it is more
likely that a large discrepancy will
exist between the external and inter-
nal openings. The width of the
wound surface in turn depends on
the angle between the wound surface
and the ocular surface (Fig. 5.16)
and on the level at which the inci-
sion is made (Fig. 5.17). The ratio
of the inner and outer wound length
is further influenced by the shape
of the cutting instruments (Fig.
5.18).

Access through a minimal open-
ing greatly limits the mobility of an
inserted instrument (Fig. 5.19); but
several such openings spaced widely
apart can allow virtually the same
free mobility as a single large open-
ing while avoiding the closure prob-
lems that may be associated with
a large incision. Thus, the necessary
size of the access opening is deter-
mined less by the need to insert in-
struments than by the size of rhe
tissue parts that must be removed
from the cye.



Fig. 5.16. Width of the cut surface. The
width of the cut surface depends on the
angle of the incision relative to the perpen-
dicular on the globe surface

Fig. 5.17. Change in the cut surlace on par-
allel shift of the incision. Parallel incisions
in @ thick-walled dome (such as the cor-
nea) have surfaces of varying size.

a In incisions parallel to the iris, the area
of the cul surface (red) increascs toward
the apex.

b In incisions perpendicular to the iris
plane, the cut surfaces become smaller to-
516 ward the apex 517

FFig. 518, Intermal and external wound
lengths for various types of incision

A Cataract knife incision: The discrepan-
cy between the internal opening and exter-
nal wound length is substantial,

B Keratome incision: The discrepancy is
smaller,

C Stab incision with a stab knife: Both
wound lengths are equal.

I} Incision with a pointed knife: The in-
ternal and external openings do not de-
pend on instrument shape and can be fash-
ioned as desired. Here the internal opening
was made very small to assist closure, and
the external opening was made large for
better instrument mancuverahility

Fig. 5.19. Limitation of the mobility of in-
struments introduced through small open-
ings

a Assuming that a given instrument has
only one working characteristic in each di-
rection of motion, ie., swiveling (4), ad-
vance (B}, and withdrawal (C),® it is clear
that only one type of action can be per-
formed in the anterior chamber in each
direction.

b If an additional small opening is placed
90° from the first, different types of action
can be performed using the same instru-
ment

& For example, cystitomes are blunt in A,
somewhal less blunt in B, and sharp in
C (see Fig. §.33); angled injection ncedles
are sharp in A and blunt in B and C (see
Fig. §.34); phacoemulsifying probes are
sharp in A and blunt in all other direc-
519 lions.
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The useful opening in large inci-
sions is determined not only by the
geometry of the incision in the ocu-
lar wall but also by the pasition af
the hinge axis. The fold may con-
strict the useful opening and render
it too small for the delivery of tissue
parts that it could otherwise accom-
modate. Because of the hinge phe-
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nomenon, procedures in which the
ocular incision is to be opened by
raising a flap will require an inci-
sion of greater length than in other
procedures (Figs. 5.20 and 5.21).

Fig. 5.20. Effect of hinge formation on the
useful opening for lens delivery. Position of
the hinge fold in a 1207 section

a Perspective view of the hinge fold. 5:
Hinge axis,

b Overhead view: The fold constricts the
opening for lens delivery. Red: Transverse
lens diameter that must negotiate the
opening on the plane of the hinge axis.

¢ Side view: The fold in the 120° section
may form in frons of the largest transverse
lens diameter. That part of the lens is driv-
en against the fold at the start of the expul-
sion maneuver, with a danger of endothe-
lial damage.

d Reoricnialion of the lens during deliv-
ery: To negotiate the constricted opening,
the lens must rotate into an upright orien-
tation causing a corresponding volume
shift in the vitreous chamber

Fig. 5.21. Effect of hinge formation on the
useful opening. Position of the hinge fold
in a 180° section

a In this scction the hinge fold is farther
back from the exit,

b This results in considerable gain of
space, and the opening can accommodate
a large lens diameter.

¢ The hinge fold is positioned over the
greatest lens diameter, and the lens moves
away from the fold on delivery, Thus, only
smaller portions of the lens pass beneath
the fold, and there 1z less risk of endothel-
al wouch than in Fig. 5.20c.

d Emergence of the lens through the
opening: The larger opening necessitates
little lens reorientation during delivery,
and the effects on the vitreous chamber
are milder



Fig. 5.22. Mechanisms of wound opening

a Gaping: A wound gapes when its sur-
faces are pushed or pulled apart by forces
applicd rangentially,

b Flap mechanism: A wound can be
opened in a perpendicalar direction by cle-
vation or depression of the wound margin
(e.g.. with a Nxation forceps or spatula)

Planning the Closure

In planning the wound closure, it
is important to analvze the behawv-
ior of the incision in response to
tangential and perpendicular forces
(Fig. 5.22). Tamgential forces are
produced by an increase in wall ten-
sion (e.g., a rise of intraocular pres-
sure), and they cause the edges of
the incision to separate laterally
(“wound gape™).  Perpendicular
forces are exerted locally (by instru-
ments or by ocular structures them-
selves), and they either elevate or
depress the wound margin.

Gaping occurs if the internal
wound margin on one side can no
longer meet the external margin on
the other side, so that a communi-
cation is formed between the interi-
or of the eye and the outside air.
In a perpendicular incision, even the
slightest shifting of its margins will
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Fig. 5.23. Gaping of wounds

a In a perpendicular incision, the slightest
dehiscence is sufTicient to cause gaping.

b Oblique incisions form  “wvalvular™
openings that can remain watertight even
when their edges are shilted.
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Fig. 5.24. Margin of watcrtizhiness

a The larger the projected ares of wound
surface onto the ocular surface (A), the
more compelent the valve.

bfmﬁ\

¢ When the distance of the shift equals
the projection of the wound surface onto
the ocular surface (red), the incision beging

to gape

m
m

b In perpendicular incisions the deep and
superficial wound edges (as projecied onto
the surface) coincide, so the projection of
the wound surface is a line. The margin
of watertightness in & perpendicular inci-
SI0N 15 ZEro
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cause gaping (Fig. 5.23a). Any inci-
sion that is not perpendicular pro-
duces a valvular opening that will
remain closed when its edges shift
relative to each other (Fig. 5.23b).
The permissible extent of this shift,
called the margin of watertightness,
is expressed by the valve rule: fnci-
sions through the ocwlar wall pro-
duce valves whose margin of water-
tightness equals the profection of the
surface of the incision onro the ocu-
lar surface (Fig. 5.24).7

When the intraocular pressure
riscs, then, a perpendicular (= non-
valvular) incision -will always
gape'® while an oblique (= valvu-
lar) incision will close even more
tightly. "' Thus, a valvular incision
is not opened by a general rise of
intraocular pressure, and it can be
opened only by the action of local
perpendicular forces which raise or
lower the wound margin (see Fig.
5.22hb).

This perpendicular mechanism of
wound opening 1s applicable to all
incisions that do not follow the
path of a great circle on the globe
{(Fig. 5.25). The movable portion of
the ocular wall, called the flap, is
rotated about the imaginary
“hinge" that connects the ends of
the incision.!?

Whether the flap can rotate out-
ward or inward (i.e., can be raised
or depressed) depends on whether
the outer or inner wound margin
is overriding. Rotating the flap may

or may not open the wound. This
depends on the location of the
hinge axis and is defined in the
“hinge rule”: A wound acted on by
a perpendicular force will remain wa-
tervight if ity hinge axis lies entirely
within the wound surface.

For flaps that rotate outward, the
hinge rule states that the wound will
remain watertight if the imaginary
hinge axis does not intersect the in-
ternal wound margin when both are
projected onto the ocular surface
(Fig. 5.26). Thus, we can draw a
distinction between wounds which
are watertight by virtue of their ge-
ometry, and those which are not.
The decisive factor is the length-to-
width ratio of the wound surface:
Long incisions made at a steep an-
gle are easily opened, whereas short
incisions made at a shallow angle
tend to remain watertight (Fig.
5.27). Valvular incisions that follow
a great circle path on the eye (Fig.
5.25a) are watertight by the hinge
rule, regardless of their length.'?

The distinction between water-
tight and non-watertight wounds is
important from the standpoint of
operative  tactics.  Watertight
wounds  will remain effectively
closed of their own accord.'® Non-
watertight wounds, on the other
hand, require suturing for secure
closure. The purpose of the sutures
is to subdivide the wound into seg-
ments which individually are water-
tight by the hinge rule. The sutures

(or more precisely, the points where
the stitches cross the external
wound margin) function as the arti-
ficial vertices of new hinge axes
(Fig. 5.28). As the hinge rule im-
plies, the sutures should be spaced
50 that the new hinge axes do not
intersect the internal wound mar-
gin'® (Figs. 5.29, 5.30).

* The valve rule applies only if the wound
is able to form a functional valve. Incon-
gruent  wound  surfaces  (imcongruent
grafts, trauma) and incarcerated forcign
matler (tissue fragmenis, foreign bodies,
viscous substances) make the wound in-
competent as a valve.

'® This tendency makes the perpendicular
incision excellent for antiglawcomatous
fistulas. The difficulty 15 to keep the blade
on a perpendicular path through multiple
tissue layers.

" Owing to their valvular properties, ker-
atome and cataract knife incisions could
be left unsutured in ecarlier times when
suitable threads and needles were unavail-
able.

' Rotating a fap creates a fold only if
the tissue has a “hinge fold capability,”
i.c., if the forces applied to the flap are
transmitted to the ends of the incision. The
necessary rigidity either is inherent in the
tissue or is produced secondarily by the
application of tension (with forceps or by
repressurization of the globe).

12 Quch wounds are apl o gape, however,
il" the incision is perpendicular (i.e. non-
valvular).

" pProvided there is no obstacle between
the wound surfaces. Tissue incarceration
may be the surgical goal (indencleisis) or
may occur a5 an undesired complication
(iris prolapse, vitreous prolapse).

"% As projected onto the ocular surface.

Fig. 5.25. Incisions with and without faps

a Incisions that follow a greal circle path
on the eve cannot form flaps.

b Flaps are formed by incisions that do
not lie on a greal circle



Fig. 5.26. Hinge rule for eutward-rotating
flaps

a Projection of the hinge and wound sur-
face onto the ocular surface, as used in
subsequent  illustrations. § imaginary
hinge axig, 5 its projection ; pink areq: The
projecied wound surface,

b Geometrically walertight wound. A line
connecting the outer extremities of the
wound forms the hinge axis, which lies en-
tirely within the wound surface. The line
does not intersect the internal wound mar-
gin when projected onlo the ocular sur-
face, hence the wound is watertight.

¢ Nonwatertight wound. The internal
wound margin is intersected by the hinge
axis, hence rotation of the flap creates a
commumication between the interior of the
eve and the outside

Geometric Factors in Opening the Globe 157
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Fig, 5.27. Sample applications of the hinge
rule. Lefr: In wounds of equal length, the
width of the projected wound surface de-
termines whether or not the wound is geo-
metrically watertight, Right: In wounds
with (projected) surfaces of equal width,
the wound length determines watertight-
NEss,

The incisions in the fop row are geo-
metrically watertight ; those in the barrom
row are not watertight and require sutures
for closure

Fig. 5.28. Use of swtures to estahlish water-
tightness. The suture divides the wound
into segments whose watertighiness is de-
termined by the new hinge axes (5, and
5;). The segment on &, is watertight, while
that on 8§, must be subdivided further

Incisions with narrow surfaces
require more sutures to effect clo-
sure than incisions with wide sur-
faces (Fig. 5.31). Closure is more
difficult in perpendicular incisions,
because it is impossible to create a
new hinge axis that does not inter-
sect the internal wound margin.'®
In theory an infinite number of su-
tures would be required. but in
practice the problem is solved by
the use of compression sutures.'’
Conversely, the closure of valfvular

incisions is satisfactorily accom-
plished with simple apposition su-
lures,

Inward-rotating fMaps act as a
valve against forces that press the
flap outward. Consequently the
wound remains watertight when the
intraocular pressure rises, but it
may be opened by a foree that
presses the flap inward. Again, the
hinge rule determines whether the
wound will remain watertight when
the flap is turned. But in contrast

lo outward-rotating flaps, an in-
ward-rotating flap remains closed
as long as the hinge axis does nol
intersect the exfernal wound mar-
gin. In the sutured wound, morc-
over, the points of intramural (deep)

Y6 As projected onto the ocular surface.
" The placement of these sulures is then
determined by the size of the compression
aones (see Fig. 2.109). Compression su-
tures alwavs distort the tissue, as discussed
in Chap. 2.1.4.
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Fig. 5.30. Increasing the safety margin in

suturing. “Safety sulures™ can maintain
closure in the event that a suture placed
b as described in Fig. 5.29 breaks or comes
loose. In the drawing above, suture f is
capable of dividing the wound into water-

Fig. 528, Determining  the  minimum
number of sutures required for watertight
closure of a wound

a The location of the first suture is found
by drawing a linc (%) from the ouler end
of the incision that just bypasses the inleri-
or wound margin. The suture is placed at
the point where that line crosses the exter-
nal margin of the incision.

b Another line (5;) 15 drawn in the same
way from the first sulure, and the second
suture is placed at its intersection with the
external wound margin.

¢ A line from the second suture reaches
the opposite end of the incision without
crossing the internal margin. Therefore no
furiher sutures are necessary o elffect o Fig. 5.31. Minimum number of sutures
waterlight closure in this example needed for outward-rotating flaps

a If the wound surface is broad enough,
a single sulure may be sullicient.

b Narrower wound surfaces requine more
sutures.

¢ In a perpendicular wound each hinge
axis forms a chord that intersects the (pro-
jected) wound margin. In theory, an infi-
nite number of sutures would be required.

tight segments. Sutures 2 and 3 are safcly
sutures placed so that their hinge axes do
not intersect the interior wound margin.
Mote that the sutures are not spaced even-
Iy along the wound line, but 2 and 3 lie
closer 1o suture §

d and e Swrwrarion of “gothic arch ™ inci-
sions. Flap wounds made by two incisions
which follow a greal circle path are di-
vided nto two watertight segments by a
single suture placed at the apex of the
arch, regardless of the size of the flap.
COnly the outer wound edges are shown
in the drawings; the projection of the
wound surface is omitted (for a practical
example of the gothic arch incision, sce
Fig. 5.63)
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Fig. 5.32. Hinge rule for inward-rotating
faps (illustrated for the suturing of a tre-
phine disk)

a Projection onto the ocular surface. S
hinge axis; & projected hinge axis; pink
area; Projected wound surface.

b, ¢ Il the projection of the imaginary
hinge axis infersects the external wound
margin, the wound will open when the flap
is rotated inward,

d Outward pressure cannot open the flap
(right arrow). Inward pressure will open
the wound i the hinge axis lies outside
the projected wound surface (left arrow)

suture passage form the vertices of
the new hinge axes (Fig. 5.32).

The key factor in determining the
correct spacing of the sutures, thus,
is the distance of the point of deep
suture passage from the external
wound line (Fig. 5.33). The wider
the wound surface and the deeper
the suture, the fewer sutures are
needed to effect satisfactory clo-
sure'® (Fig. 5.34).

Incisions whose external wound
line follow the path of a great circle
represent a special case. Incisions of
this type cannot be opened by rota-
tion about an axis (sec Fig. 5.25a).

As a result, flaps that are formed
by two such segments (*gothic
arch™ flaps) have interesting prop-
erties (Figs. 5.31d and ¢): They can
be effectively closed by a single su-
ture placed at the apex of the flap,
because the suture divides the
wound into two waltertight seg-
ments, regardless of the length of
the incisions or the apex angle of
the arch,

1% Note the difference between the sutur-
ing of outward and inward rotating Naps:
In the outward rotating Nap, the bridginge
parts of the suture loops form the ends
of the hinge axis, so the depth of the suture
is irrelevant for closure (it is relevant only
for a secure grip of the loops in the tissue).
Conversely, in the inward rotating flap,
the intramural passapges of the thread form
the end of the hinge axis, and so the depth
of the suture is critical (compare with
Fig. 5.26),



Fig. 5.33. Location of hinge axis for in-
ward-rotating flaps. The points of decp su-
ture passage £ form the new vertices of
the hinge axis. The deeper the suture, the
greater the projected distance X from the
external wound margin A.

¥ Projection of suture passage onto the
ocular surface,

J Interior wound marging J' its projection
onto the ocular surface.

Left: Superficial suture

Righe: Deep suture

Geometric Factors in Opening the Globe 161

Fig. 5.34. Minimum number of suiures
needed to divide an inward-rotating flap
into watertight segments (illustrated for a
trephine disk). Effect of suture depth (D)
and width of wound surface. Pink; Projec-
tion of the wound surface onto the ocular
surface.

a With superficial sutures the vertices of
the hinge axes project close to the external
wound margin. The number of sutures 15
correspondingly large.

b With deep suturcs the vertices are morc
distant from the external wound margin,
and fewer sulures are needed.

¢ Il the trephine disk 15 small, the pro-
jected wound surface is narrowed, and the
projected vertices arc less distant from the
external wound margin (despite the same
suture depth as in h). Despite the shorter
wound length, more sutures are required
than in b
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5.3.3 Comparison of Different
Incision Profiles

Several criteria should be consid-
ered when selecting the profile of
an incision:

Freedom of choice of anatomic
reference peoints (Fig. 5.35). When
the incision is made on a single
plane, the positions ol the external
and internal wound margins corre-
late with the inclination of the cut
surface, In multiple-plane incisions
they are mutually independent, and
they can be varied as needed while
the incision is performed.

Fig. 5.35. Anatomic factors in selecting the
incision profile

a Single-plane incisions: Once the posi-
tion of the external (feft) or internal (righs)
wound margin has been established. the
location of the remaining wound margin
{i.e., the width of the wound surface) de-
pends on the angle at which the incision
is made {arrows).

Fig. 5.36. The properties of various incisions

b Multiplane incisions: The positions of
the external and internal wound margins
are mutually independent and can be var-
ied during the course of the incision ac-
cording to requirements of specific situa-
tions (see Fig. 5.63)

Margin Precise Lamellar  Tissue Technical
of water-  apposition deflection  thickness complexity
lightness O opening of incision
of chamber
a) Perpendicular 0 casy none A=C +
incision
b) Single-plane w difTicult high AplC +
obligue incision
¢) 2-plane step W eiasy low Azx==<C ++
incision depending
on W
d) 3-plane step W &asy mone A=C + 4+
incision

A =thickness of tissue layer that must be sectioned as a last step prior to entering the

chamber.
C =comeal thickness.

W =projection of wound surface onte ocular surface



Margin of watertightness (Fig.
5.36). Both the valve rufe and hinge
rufe state that the tendency of a
wound to remain watertight when
acted on by a tangential or perpen-
dicular force depends on the width
of the wound surface as projected
onto the ocular surface. This di-
mension generally serves to charac-
terize the stress resistance of a
wound.'?

Apposability. Perpendicular wound
surfaces facilitate accurate approxi-
mation of the wound margins. The
vectors created during suturing can-
not cause tangential shifting of the
wound margins, Only perpendicu-
lar shifts are possible, but these are
easily recognized because they
create a steplike incongruity which,
even if slight, is plainly visible by
the interruption of the surface re-
ex. Obligue wound surfaces are
more difficult to approximate pre-
cisely because the edges can easily
shift relative to each other (Fig.
3.36b). Also, it is more difTicult to
detect faulty apposition duc to the
angulation of the wound edges.

Lamellar  deflection. Incisions
made at an angle to the plane of
the lamellae tend to undergo deflec-
tion, with a corresponding loss of
Precision.

Tissue resistance upon entering
the globe. The lower the tissue resis-
tance in the critical phase of the in-
cision (last step before entry into
the eve), the less force is required,
and the less the danger of inadver-
tent damage to intraocular struc-
tures. This resistance depends on
the thickness of the tissue laver that
must be divided in the last phase
of the incision.

Technical complexity. The techni-
cal complexity of the incision, and
thus the time required to complete
the incision, increase with the
number of direction changes in-
volved in making the incision.

>
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5.4 Methods of Opening
the Anterior Chamber

The critical moment at which the
blade reaches the anterior chamber
is easily recognized : A polished sur-
face that appears mat while still in
the corneal stroma becomes bright
again on enlering the anterior
chamber. Once inside the chamber,
instruments appear displaced from
their true position because of the
higher refractive index of the cor-
nea and aqueous MNuid (Fig. 5.37).
This is not a problem as long as
the instrumenis are used entirely
within the chamber, since all ob-
jects are viewed under the same op-
tical conditions. But if it is neces-
sary to make a counterincision
from inside the chamber, allowance
must be made for the apparent up-
ward deflection by aiming the point
of the blade higher than the
planned site of emergence on the
outer corneal surface.

Fig. 5,37, Visual control in the anterior
chamber, The surface of polished instru-
ments appears mat when between the cor-
neal wound surfaces but becomes bright
on entering the aqueous humaor, Instru-
ments in the anterior chamber appear to
be bent upward, the degree of this effect
varying with the viewing angle.* In reality
the tip is lower in the chamber than it ap-
pears when viewed from the outside. 1T the
lip is to emerge at the limbus, for example,
the surgeon should aim for a point about
1 mm higher on the outer corneal surface
(red). IF he aims direcily for ithe limbus,
the counterpunciure will be too low

If agueous escapes when the an-
terior chamber is entered, this will
affect not only spatial tactics but
also tissue tactics due to the conse-
quent fall of intraocular pressure
and loss of tissue tension. Initially
sharp blades will suddenly behave
as if dull, and fixation instruments
that initially fixed the entire globe
will exert only a local action and
deform the tissue. The effects on the
conduct of the section are so pro-
found that it is useful to distinguish
between methods whose success de-
pends on avoiding agueous loss and
methods in which agueous loss is ac-
ceprable and due allowance is made
for the fall of intraocular pressure.,

" The margin of watertightness deter-
mines closure mot just at the end of surgery
but also in the postoperative period during
cicatrization. Therefore, the risks of carly
suiure removal decrease when wounds
have a large margin of watertightness.
Example: When correction of astigma-
tism by early suture removal is planned,
incisions with a large margin of water-
tightness are preferred.
2 Distortion is minimal from an overhead
perspective (e.g. a coaxial microscope) and
more pronounced with an oblique view.
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5.4.1 Keratome Section
Keratomes have a wedge-shaped
blade whose preferential path lies
on one plane.?! The shape of the
cutting edge determines the vector
components created when the blade
is advanced (Figs. 5.38, 5.39).
Owing to the wedge shape of the
keratome blade, the incision re-
mains watertight as long as the
blade is advanced. The intraccular
pressure does not fall, the tissue re-
mains seclile, and the diaphragm
remains stationary until the point
of the blade reaches the opposite
chamber angle, The length of the in-

Fig. 5.38. Force vectors of a keratome, Ad-
vancing the keratome (A) creates a thrust
component (C) that enlarges the incision
and also a pull-through component ()
that improves the cutting elliciency of the
blade

Fig. 5.39. Cutting properties of various Ker- w

atomes

a In keratomes with straight cutting
edges, the relation between the thrust and
pull-through vectors remains fairly con-
stant throughout the incision. However
the lengih of the tissue segment to be di-
vided increases and, with it, the resistance.

b In keratomes with convex cutting edges,
the pull-through vector predominates so
that the cutting ahility of the blade steadily
InCreases.

¢ In keratomes wilh concave edges, the
thrust vector predominaies so that culting
ability decreases as the incision proceeds.
The resulting incision differs from that in
b by the position of the hinge axis; in b
it facilitates closure, whereas here it [acili-
tales opening

cision that can be made under these
optimal conditions is determined by
the width of the keratome blade
(Fig. 5.40). However, the geometry
of the blade will cause the wound
to open if the slightest error is
made, i.e., if the blade is raised,
lowered, or tilted to any degree.
This excludes any possibility of cor-
rections during the keratome inci-
sion (Fig. 5.42), lor the diaphragm

",
-
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Fig. 5.40. Advancing the keratome. The tip
is directed toward the fixation forceps (see
also Fig, 3.19)

will bulge forward as soon as aque-
ous escapes. The section must be
completed without delay, therefore.

When the keratome is withdrawn,
the point is [irst removed from the
pupil region to avoid injury to the
lens, which now moves forward to
a more anterior position. This is
done by raising the point of the ker-
atome while simultancously moving
it toward the side (Fig. 5.41¢). The
section can still be extended at this
time, If this is done in a smooth
rotary motion, aqueous loss can be
prevented and tissue sectility pre-
served (Fig. 5.41b). But if the kera-
tome is moved laterally as it is with-
drawn, aqueous will escape. Al-
though this makes the tissue more
difficult to cut, the section can pro-
ceed by utilizing the pull-through
veclor component of the cutling
edge (Fig. 5.41a).

U Tf the two cutting edges are asymmetri-
cally ground so that their preferential
paths are on different planes, the incision
will deviate as shown in Fig. 5.42. S0 the
blade, especially if large, must be ground
with extreme precision as (o symmeiry.



541

Fig. 5.41. Withdrawing the keratome

a Lateral blade movement to enlarge the
incision: On withdrawal the keratome tip
is moved laterally to remove it from the
pupil regron. The section can be simulta-
neously extended by adding a  paull-
through motion of the blade. A broad fix-
ation forceps aids the lateral motion by
offering resistance to lateral vectors,

b Rotation of the keratome to extend the
section: The ends of the mcision (red cir-
cles) can be sealed during this mancuver
by keeping the cutting edges in firm con-
tact with them. A small fxation lorceps
aids compensatory counterrotation of the
globe.

¢ To avoid imjury to the bulging dia-
phragm when the anterior chamber emp-
ties, the keratome tip is raised (handle is
lowered) during withdrawal

Fig. 5.42, I the guidance path of the kera-
tome 15 not parallel to the limbal plane,
the incision may transgress the limbus and
enter the sclera. Any attempl Lo correct
the position of the blade will allow loss
of aqueous
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5.4.2 Cataract Knife Section

Cataract knives have a narrow,
pointed blade that is used first to
puncture the chamber and then to
section 1t from within (Fig. 5.43).
The various types of cataract knife
differ chiefly in the shape of the
point, which determines whether
the blade will deviate from the guid-
ance direction when advanced
through tissue (Fig. 5.44).

Fig. 543, Force vectors in the cataract
knife section. The vector for making the
punclure and counterpuncture and that
for performing the section are scparate
from each other and are mutually perpen-
dicular

Fig. 5.44. Cutting properties of the cataract
knife tip

a Knives with a curved back deviate in
the direction of the cutting edge when
thrust straight into the tissue.

b Knives with a straight back do not de-
wiate from the gmdance direction
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Fig. 545, Cataract knife section with later-
al fixation (favoring the puncturing mancu-
ver)

a Principle: The vectors of the puncturing
and sectioning molions are directed
through the application site of the forceps.

b The tip is directed toward the site of
forceps fixation during puncture,

¢ For the counterpuncture, a knife with
a rounded back may be directed straight
toward the lorceps since the tip will de-
viate and emerge alongside the forceps (see
Fig. 5.44a). Note: The tip is aimed about
1 mm higher to allow for refraction (see
Fig. 5.37).

d The section is initiated by a sweeping
maotion of the blade, with the initial punc-
ture site as pivot point (red circle). The
cutling edge is guided so that the vectors
of maximum tissue resistance are directed
toward the site of forceps Axation,

e Completing the section: The blade is
moved away from the hixation forceps




Fig. 5.46. Cataract knife seetion with fixa-
tion from below (favoring the sectioning
mAnguver)

a Prnciple: The vectors of puncture and
counterpuncture are directed through the
application site of the loreeps,

b The puncture is directed toward the fix-
ation instrument. Kmves with a straight
back make it easier Lo maintain the initial
direction of insertion (see Fig. 5.44b). IT
broad fixation forceps are used, the lip is
directed toward the far end (red dor).

¢ Counterpuncture is imitiated with a
sweeping motion so that the vector resist-
ing the tip motion passes through the site
of forceps application. The wider the for-
ceps jaws, the smaller the necessary angle
of the sweep, so the guidance of the knife
approximates that for lateral fixation,

d, ¢ Section is completed by a to-and-fro
motion of the blade

>
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Fig. 5.47. Corrective movements of the cat-
aract knife. The shape of the incision de-
pends on the geometric intersection of the
guidance path with the corneal dome. If
the blade is not directed parallel o the
iris (A}, the incision will turn inward if
the plane of the blade is raised (B) or out-
ward if it is lowered (C)

Fig. 5.48. Centers of rotation for actions
associated with the cataract knife section,
The center of rotation for corrective
movements of the fixation forceps (see
Fig. 3.21a) is at the center of the globe
(Borram). Movements of the knife (see
Fig. 3.21b) rotate the globe about the ap-
plication site of the forceps (cemrer), Swi-
veling movements of the knife (see Figs.
5.45d and 5.46¢) should pivot at the punc-
ture site o prevent the escape of aqueous
(top)

Since the puncturing and section-
ing maneuvers are separate with
this instrument, both vectors can-
not be simultancously opposed by
a single fixarion. Therefore the sur-
geon must decide whether main re-
sistance should be given to the
punciuring vector or the sectioning
vector. This will determine whether
the fixation instrument is applied
opposite the puncture site or oppo-
site the end of the incision (Figs.
5.45, 5.46).

Broad fixation lorceps allow
greater freedom in this regard.
However, they can also cause tissue
distortion (very critical in this tech-
nique) unless they are held exactly
in the position predefined by the
shape of the grasping surfaces. *?

Laoss of agueous can be prevented
only during the puncture and
counterpuncture. As soon as the
section is begun, the incision is
made under more demanding con-
ditions, i.e., with lax tissue, de-
creased sharpness, and a protruding
diaphragm. To avoid iris injury. the
surgeon should pass the knife
bevond the pupil margin immedi-
ately afier making the counterpunc-
ture, while the chamber still has suf-
ficient depth. He must avoid any
corrective maneuvers prior to this,

because any tilting, raising, dipping,
or withdrawal of the blade will al-
low premature agueous escape.
Only after the knife has passed the
pupillary margin the direction of
the cut may be revised. It should
be noted, however, that any direc-
rion change in the incision will also
change the width of the opening
{Fig. 5.47).

The cataract knife section re-
quires considerable skill, because
the movements of the fixation for-
ceps. knife, and the relative move-
ments between them have different
cemters of rotaiion (Fig. 5.48). A
good result is obtained only if these
movements are perfectly coordinat-
ed at all times. This is made difficult
by the requirement that all move-
ments be performed swiltly and
smoothly in the initial phase, ie.,
before the blade passes the pupil
margin.

5.4.3 Cuiting
with a “Point™ Cutting Edge

Keratomes, cataract knives, and
other broad-bladed knives are de-
signed for making incisions in a sin-
gle plane. To produce more complex
incisions, techniques are required
that immerse only a very small
blade width in the tissue (see
Fig. 2.74). The blade will then be-
have more or less as a “point™ cut-
ting edge and can be direcied as
needed to produce incisions of any
shape desired (Fig. 5.49; see also
Fig. 2.66).

** Deformation by wide grasping forceps
as illustrated in Fig. 3.20b is a particular
problem when the anterior chamber has
emplicd and the now “blumt™ cataract
knife ends to push the tissue aside rather
than cut it.
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Fig. 549, Opening the anterior chamber
with @ razor blade, The technique of hold-
ing and guiding the blade determines the
profile of the resulting incision.

a Coronal incision is made by puiding the
blade on one plane, imitating a calaract
knife or keratome section (preparation for
continuing the section with scissors as in
Fig. 5.55a).

b Perpendicular incision is made by hold-
ing the blade upright and guiding it along
a concal surface (preparation for scissor
section as in Fig. 5.55h)

Fig. 5.50. Aveiding centripetal vectors on
upening the anterior chamber with a long
incision using a razor blade fragment

a An interior opening of specified length
(B) can be made by a purely tangential
blade motion. The cut 15 starled some dis-
tance from & so that the blade first passes
through an intramural “lead sepment™
(L5) before incising the deep surface of
the cornea. As a result, the external open-
ing is longer than the internal opening.

b If the incision is starled closer o B
(shorter LS} to reduce the length of the
external opening, the blade motion will in-
evitably produce centripetal vector com-
'FHI!IIEI'I[S
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Fig. 5.51. Avoiding centripetal veclors on
opening the anterior chamber with a short
incision using a razor blade fragment
a When the intent 15 1o make an mcision
that has equal external and internal
lengths, centripetal vector components can
be reduced by rotation of the blade. Cen-
tripetal vectors then exisi onlv as long as
the blade is within the tissuc. The moment
the chamber is entered, only tangential
veclor components are operative.
b For extending the incision the blade is
removed, tumad 1807, and reintroduced
into the wound with the blunt edge lead-
ing,
¢ Then the blade is moved tangentially
until the deep wound length matches the
superficial wound length.
d Result: =8 no lead segment

However, a blade used in this
fashion cannot seal the incised
opening, and most of the incision
must be made with the chamber
opened, and thus with decreased
tissue sectility. This places very high
demands on the cutting ability of
the instrument. Even with a very
sharp blade, though, only a short
chamber opening can be made un-
less the tissue resistance is extreme-
Iy low, 23

Because the anterior chamber
can emply, blade movements with
centripetal vector components (i.e.,
directed toward the chamber) are
hazardous in this technique. These
components are avoided by guiding
the blade sirictly in a rangential di-
rection (Figs. 5.50a, 5.51¢).

5.4.4 Scissor Section

Scissors can accurately cut tissues
of low sectility, so they are used to
complete the cut after the anterior
chamber has been opened with an-
other instrument. Scissors also al-
low a safe secrion because the
“danger zone™ (see Fig. 2.581b) is
preciscly defined, and its size can
be reduced by taking small bites
with the scissors.

An important salety faclor is the
tangeniial movement of the cutting
point during the section (Fig.
5.52h).

Real danger exists only during in-
sertion of the scissor blades into the
anterior chamber, when centriperal
vectors  are unavoidable (Fig.
5.52a). That is why, In corncal
scissors, the end of the inserted
blade is rounded to prevent inad-
vertent tissue lesions (Fig. 5.53a).
Also, the rounded blade is longer
so that it will not slip out of the
chamber when the scissors 15 closed
(Fig. 5.53b). An incision of con-
stant profile is obtained by cutting
in opposite  directions  with  fwo
scissors, each a mirror image of the
other (Fig. 5.54).

M Eg, the incision of a deep precut
groove, where only a very thin laver re-
mains to be divided before entering the
chamber.
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Fig. 5.52. Force vectors produced by
SCisSOrs

a Centripetal wvectors occur when  the
blade 15 introduced into an opening.

b Dunng the scissor section, the vector of
the cutting point motion is parallel to the
surface

Fig. 5.53. Special design features of corneal
scissors : Blade tips

a If the blade inserted into the chamber
i5 blunt-tipped and well rounded, it forms
a kind of spatula (gray) that projects past
the ground edges of the blades. Red:
Cross-sections of the culting and blunt
blades.

b The longer inner blade keeps the

scissors from slipping out of the eye upon
closure

Fig. 5.54. Special design features of corneal
scissors: Arrangement of blades. [dentical,
S-shaped cut profiles are obiained by cut-
ting in opposite directions with two
sciss0rs, cach a mirrer image of the other,

a Mirror-image scissors for bidirectional
cutling.

b Continuous profile (see also Fig. 2.79)
obtained with mirror-image scissors.

¢ Discontinuous profile made by using a
single scissors to cut in both directions
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Fig. 5.55. Relation between the shape of the
scissor blades and the shape of the resulting
cut. If the blade shape is consistent with
the desired shape of the cut (1.e., the guid-
ance path 15 congruent with the cut sur-
face), the cut can be completed by simple
closure of the blades.

a Straight blades are suited for making
flat cuts parallel to the ins.

b Perpendicular cuts are made with blades
whose curvature conforms to the conical
surface of the cut,

¢ The plane of the cut can be varied by
changing the inclination of the scissors. In
this example the ends of the incision are
rotated 907 eelative to each other. This fa-
cilitates opening the wound through rota-
tion of a flap because hinge formation can
occur without intramural alignment, i.e.,
with minimum distortion of surrounding
lissue (see Fig. 1.51¢)

The carvature of the scissor blades

should conform to the shape of the
planned incision (Fig. 5.55). If this
is the case, the section can be com-
pleted with a minimum of swiveling
movements (Fig. 5.56¢). The main
concern in the scissor section is to
keep the #ris away from the inter-
blade “danger™ zone. Thus, the
blades are opened only slightly
when initiating the cut to ensure
that the enclosed corneal tissue will
obstruct  access 1o this  zone
(Fig. 5.56a). The depth of insertion
can be limited by bracing the out-
side blade against the corneal sur-
face. The inside blade is pressed
firmly against the inner corneal sur-
face Lo prevent incarceration of un-
derlying tissues (Fig. 5.56b).

Safety can be enhanced by intro-
ducing viscoelastic material to dis-
place the iris backward before en-
larging the incision with the
scissors; this creates additional
room for inserting the scissor blade
and for the following maneuvres.

The safety of the iris can be
checked directly by watching the
blades or indirectly by watching for
concomitant  pupillary  motion
(Fig. 5.57).

Disadvantages of the scissor sec-
tion are the high cutting resistance
and the complicated profile of the
section. Both correlate with the tis-
sue thickness, however, and are
minimized by preliminary thinning
of the tissue layer (see Fig. 2.80d).
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Fig. 5.56. The scissor section

a Initroducing the scissors: The blades are
nearly closed when introduced to avoid in-
Jury to intraocular structures. An aperture
just large enough to accommodate the cor-
neal thickness will safely obstruct access
to the interblade area. The outside blade
is braced against the outer corneal surface
to prevent inadvertent deep entry into the
chamber. Then the instrument is rotated
about the outer blade tip into the chamber
(red dor; Pivol point).

b Extending the cut: The inner blade is
apposed firmly to the deep corneal surface
to guard against iris incarceration.

¢ Guiding the scissors: To keep the cul-
ting point moving tangentially to the lim-
bus at all times, a 90° direction change
is required through each quadrant. If this
is not guaraniesd by the blade curvature,
the handle must be moved in a wide arc
during the section

Fig. 5.57. Monitoring the iris during the
scissor section. Distortion of the pupil is
a sign that the iris has been caught by the
blades.

a Inward displacement of the iris on inser-
tion of the inner blade (— iridodialysis).

b Outward movement of the pupillary
margin indicates incarceration of iris be-
tween the blade and cornea (— iridec-
tomy)
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Fig. 5.58. Technique of the two-step inci-
sion

a A preliminary perpendicular incision is
made in the sclera (A) (cf. Fig. 5.4).

b The anterior chamber is entered at an

angle to the preeut groove (C) (here with
a keralome).

¢ The ncision 15 enlarged wilth scissors,
The guidance path of the scissors i on
the same plane as that of the knife used
to open the chamber (b) (here: Horizontal,
see Fig. 5.55a)

5.4.5 Two-Plane Stepped Incision

A Ustep” is created whenever
scissors are used to enlarge a precut
groove (Fig. 5.58). The width of the
step can be controlled by the fncli-
nation of the scissors (Fig. 5.59), al-
though this control lacks precision
because the tissue tends to shift in
unpredictable ways,

Marrow steps cause few problems
in this type of incision. But il a wide
step is desired, the tissue resistance
5.58 will rise with increasing step width
(see Fig. 5.36¢).

Fig. 5.59, Changing the width of the step.
The width of the step (segment C in
Fig. 5.58) is controlled by changing the in-
clination of the culting instrument (red:

5.59 Guidance path of the blades)

54.6 Three-Plane Stepped Incision

In this incision the resistance to en-
tering the anterior chamber is inde-
pendent of the step width. The in-
tralamellar portion of the sieps is
formed in a separate phase (Fig.
5.60). It can be made as wide as
desired and placed at any depth. 3

When the chamber itself is en-
tered, perpendicular vectors (di-
rected toward the eye interior) can
be avoided by tenting the inner la-
mella with forceps (Fig. 5.60¢) and
then sectioning it with a purely
“langential” guidance motion.

The width of the step is con-
trolled by varying the guidance di-
rection (Fig. 5.61), not by the incli-
nation of the cutting instirument as
in the two-plane incision. Therefore
cutting can always be done on a
vertical, where tissue resistance is
lowest.

Corrections are easily made as
the three-plane incision is carried
out. Small irregularities (Fig. 5.62)
usually cause no harm. A serration
in the course of the surface groove
can even provide a helpful land-
mark for approximating the wound
margins. Variations in the step
width also cause few prohlems. As-
sociated changes in the margin of
watertightness can be compensated
by appropriate suture placement
according to the hinge rule (see
Fig. 5.28).

The mutual independence of the
outer and inner wound margins in
the three-step incision (cf. Fig.
5.35b) can be utilized to achieve
specific goals. For example, the out-
er wound margin can be configured
for optimum closure while the inner
wound margin is adapted to ana-
tomic conditions (Fig. 5.63).

3% Note: Scissors held at an oblique angle
carry a risk of desquamating the corneal
endothelium and Descemet’s membrane,
¥ The step may be placed so deep that
the inner lamella is transparent and af-
fords a direct view into the chamber pe-
riphery.
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Fig. 5.60. Technigue of the three-step inci-
sion

a A preliminary  perpendicular  incision
(A} is made to the desired depth i the
sclera.

b The intralamellar part of the step is dis-
sected back to the desired width (#) (sce
Figs, 5.8-5.10).

¢ The anterior chamber is eniered on a
perpendicular plane (C). Tangential guid-
ance of the blades is facilitated by tenting
the inner lamella with fixation forceps.
Left: A lead segment LS is still necessary
but 15 smaller than in Fig. 5.50 due o the
preliminary thinning of the cornea.

d The incision is enlarged with scissors.
Their guidance path is perpendicular (see
Fig. 5.55h)

Fig. 5.61. Controlling the step width. The
step width is changed by shifting the cut-
ting instrument laterally, i.e.. toward the
limbus or toward the corneal center as
needed (red: Guidance path of the cutting

edge)
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5.4.7 Trephine Incisions

Trephines are circular blades (Fig.
5.64) that excise round tissuc pieces
of preciscly defined digmeter and
edge profile. In theory, a given lre-
phine should excise perfectly con-
gruent disks from different eyes, *®
but in reality trephine incisions
show individual variations, and
specimens cut from different eyes
do not have identical shapes. The
discrepancies are caused by tissue
displacements that stem from asym-

metrical resistances. Yet the grea-
test discrepancies occur when the
incision is started with a trephine
and completed with a different in-
strument.

If the anterior chamber emptics
the moment it is opened, the iris
and lens will move forward against
the cutling edge ol the trephine,
making it necessary to discontinue
the trephination. Continued use of
the trephine after opening the ante-
rior chamber requires means Lo pre-
vent the escape of aqueous. A no-

Fig. 5.62. Irrepularitics in the stepped inci-
sion. Irregularities in the course of the inci-
sion do not hamper wound closure as long
as the valvular mechanism remains inlact

Fig. 5.63. Disparities in the shapes of the
external and  imternal  wound  margins
(** pothic arch” incision)

a The external wound margin consists of
two intersecting segmenis of great circles
and can be closed with one suture at the
apex (see Fig. 5.31d and ¢). The inrermal
wound margin parallels the limbus to re-
spect the local anatomy.

b Incision with a truncated apex: The ex-
ternal wound margin consists of three
smaller segments, all of which are closed
with only two preplaced sutures. This type
of incision allows the insertion of instru-
ments or implants through one segment
while the others remain safely closed

outflow system is established either
by using a sell-sealing instrument
design (Fig. 5.65d) or by first re-
placing the aqueous with viscoclas-
tic material (sce Fig, 1.4¢).

0 Ahsolute congruity is essential for opti-
mum corneal grafting, because discrepan-
cies between donor and recipient are a
source of irreversible astigmatism.



Fig. 5.64. Manual trephines

a Effect of handle diameter on cutting ex-
cursion. The handle circumference deter-
mines the number of revolutions made by
the trephine when rolled between the
fingers. The two trephines shown have the
same culting diameter (4), but the tre-
phine with the smaller handle radius (8)
completes more turns (=greater pull-
through action) when rolled than the
thick-handled instrument.

b When rotated, the trephine is rolled
along the fingers. Its position is unstable,
since the trephine has a tendency o travel,
but this instability is partially compensat-
ed by the high lateral resistance of the
blade

Fig. 5.65. Open trephines and trephines
with a central plunger

a Open trephine with ne depth stop. The
operative field is visible through the open-
ing.

b Trephine with an inner plunger. The
plunger acts as a stop to limit the depth
of the cut {e.g. for lamellar keratoplasty).
¢ In a penetrating keratoplasty, the stop
prevents the cutting edge from passing too
deeply.

d The stop serves to seal the agqueous
space and prevents emplying of the anten-
or chamber when trephining an irregularly
arched cornea

Fig. 5.66. Bevel of the cutting edge. The
bevel angles of the trephine blade are criti-
cal for blades of finite thickness because
any discrepancies between the preferential
path (red arrows) and guidance path (dack
arrows) result from the instrument design
and cannot be corrected by manual guid-
ance.

a Bevel only on the outside edge. Inside,
the diameter of the bore (L) equals the
diameter at the cutting edge (£). The pref-
erential path (the line hisecting the cutting
edge, sec Fig. 2.73) does not coincide with
the guidance path, so an asymmetric later-
al resistance develops.

b Counterbevel on the inside edge. The
preferential path and guidance path coin-
cide. The inside diameter at the cutting
edge is slightly greater than the bore diam-
eler, s0 tissue enterning the hollow of the
instrument is slightly compressed.

#,: Preferential path

G, Guidance path
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Cylindrical Trephines

Open  cylindrical trephines (Fig.
5.65a) allow viswal monitoring of
the trephined disk through the hol-
low of the trephine. But the cutting
edpe itself cannot be seen al one
time around the whole circumfer-
ence of the blade due to the cy-
lindrical shape. Open trephines can-
not prevent aqueous leakage,

Trephines with a central plunger.
A plunger provides an adjustable
stop for controlling the depth of
penetration (Fig. 5.65b)*7 and can
produce a watertight seal. 2®

The trephining motion can be di-
vided into two vector components:
one perpendicular to the tissue sur-
face (thrust) and one parallel to the
tissue surface (rotation). The thrust
veciors deepen the cut. The rotation
vectors create a pull-through action
that enhances the *sharpness”™ of
the cutting process (Fig. 5.70). The
resistance to trephining depends on
which parts of the trephine come
in contact with the tissue, and
changes with the depth of penetra-
tion (Figs. 5.67-5.69). The inter-
play of forces and resistances is
such that the action of the trephine
on the disk and on the surrounding
cornea is different. Also, the differ-
ent forces and resistances vary in
the phases before and afier the ante-
rior chamber is entered.

In the initial phase before the
chamber is entered (i.e., during divi-
sion of the parenchyma), resis-
tances are distributed evenly along
the circumference of the blade. Ini-

7 Visual moniloring of the disk is possible
only from inside the eve using an endo-
scope. Experimental endoscopic studies
form the basis for the following analysis
of the trephining process,

8 The seal must not be airtight, however,
because ifair 15 trapped between the blade
and cornea, penetration becomes impossi-
ble. To avoid airtightness, the bore must
be dry before the trephine is applied to
the cornea. Otherwise Muid residue may
abstruct air outflow.

Fig. 5.67. Design-related sources of resis-
tance in trephines

A Cutting resistance develops at the sharp
cutting edge. The main component acts in
the direction of thrust,

# Laiteral resistance develops at the later-
al surfaces of the cutting edge. Its cffects
depend on tissue displacement and hence
are preater outside the hollow (Bg) than
inside { £;).

C Additional resistance develops il the
central plunger meets the corneal surface,
This resistance affecis only the trephine
disk

A A+B

Fig. 5.68. Effect of penetration depth on re-
sistance prior (o entering the anterior
chamber

a Application of the trephine. Only the
cutting resistance (A) is operative at this
stage,

A+B+C

b Penetration of the parenchyma. Lateral
resistance () becomes an increasing [ac-
tor with increasing depth of penetration.
¢ Maximum penetration. Contact  be-
tween the plunger and cornea creates an
additional resistance {C)

H hH H
Y f 1 L 1 F
B+C B B

(+C)

Fig. 5.69. Effect of plunger position follow-
img entry into the anterior chamber. Once
the cutting edge enters the chamber, cut-
ting resistance (A) is no longer a factor.

a Depth of plunger set exactly at corneal
thickness: When the chamber is entered,
the plunger resistance at the disk (C) is
added to the lateral resistance (8).

b Plunger set slightly deeper than corneal
thickness: The moment the chamber is en-
tered, the plunger has no contact with the
cornea, Concomitant rotation of the cor-
neal disk s determined only by lateral re-
sistance. Fluid pooling bencath  the
plunger acts as a lubricant; it may trans-
mit some rotation of the plunger to the
cornca, depending on its rheological prop-
erties.

¢ Plunger set much deeper than the corme-
al thickness: There is space over the cor-
nea to allow for felding of the disk



Fig. 5.70. Vector components of the tre-
phine section. The perpendicular compo-
nenls (¥) cause the cul to progress in
depth. They also shift the tissue toward
the amterior chamber. The components
parallel to the surface (X)) cut the Gssue
by an (“infinite”) pull-through action.
They also cause concomitant tissue mo-
tion in the direction of blade rotation

tial resistance 1o the rephining de-
pends on the resistance to the cut-
ting edge. As the cut decpens, later-
al resistance increases and helps to
stabilize the guidance of the tre-
phine. Thus, the precision of the
trephine Incision improves as the
blade penetrates deeper into the tis-
sue, and the amplitude of the cut-
ting motion may be gradually in-
creased as the incision proceeds.
Even manual trephines (Fig. 5.64)
can be guided with precision owing
to the high lateral resistance that
develops. Due to the high lateral re-
sistance, the operator cannot redir-
ect the incision once the cut has
been initiated, so the result depends
entirely on the inherent cutting
characteristics  of  the  instrument
{(Fig. 5.66)." In the thrusting mode
lateral resistances are asymmetrical,
and famellar defleciion may shift tis-
sue toward the trephinc opening
{(Fig. 5.71a).*® This deflection can
be minimized by reducing the thrust
vector (applying gentle pressure)
and making the cut chiefly by rota-
tion of the trephine.

The rotation induces an entrain-
ment of the tissue in the direction
af rertation of the trephine. Fixation

O

FFig. 5.71. Tissue motion accompanying
blade thrust

a In the phase before the anterior
chamber is entered, the cut may deviate
as a resull of lamellar deflection. The ex-
tent depends on the bevel of the culling
cdge (i.e., the direction of the preferential
path: see Fig. 5.66) and the angle of attack
on the lamellar surfaces (which in turm de-
pends on the site of application on the
corncal dome, i.e., the diameter of the tre-
phine; see fmser).

b In the phase aller the chamber is en-
tered, the trephine blade tends 1o push
ahead the still unsectioned tissuc. Because
these tissue layvers have become lax and
less sectile, it 15 dilficult (o divide them
with the trephine

of the globe with lorceps will elimi-
nate this concomitant tissue motion
outside the trephine, but it has no
effect inside the trephine, where
shear effects develop in the ussue
between the outer cornea and the
trephined disk (Fig. 5.72). These
shear forces can shift tissue ahead
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of the blade and create irregularities
in the lateral surface of the disk. '
In the second phase, after the an-
terior chamber is entered,*? the situ-
ation changes drastically: The tis-
sue becomes less sectile, and the

¥ That is why the same trephine should
be used to obtain congrucnt disks from
diflferent eyes.

0 The extent of the deflection depends on
the mtraocular pressure and is greater at
low pressures (= low  tissuc  scotility),
Therefore donor and recipient eves should
e trephined at equal intraocular pressures
1o obain congruent disks,

M Shear effects can be reduced by apply-
ing a Mmction-reducing lubricant, i.e., by
moistening the corneal surface. Bul note:
The Nuid should be applied to the corneal
surface afrer the trephining is started. Oth-
erwise it will enter the hollow of the tre-
phine and trap air (see footnote **, p. 178).
** Wote: The second phase requires a no-
outfllow system, that means trephination
with a watertight plunger or visco-glastic
stabilisation of the anterior chamber.
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9

thrusting motion of the blade tends
to push the still undivided corneal
lamellae ahead, preventing a full-
thickness excision (Fig. 5.71b).
Moreover, the distribution of resis-
tances along the circumference of
the blade becomes unequal, and
with rotation of the blade the di-
vided, mobile portion of the disk
tends to rotate toward the portion
that is still attached. This results in
a folding of the partially excised
disk, and the cutting process con-
tinues in deformed tissue (Fig.
5.72¢, d). Yet, as the undivided por-
tion becomes twisted and stiffened,
its sectility is restored, and a full-
thickness trephine incision may be
completed. At that point the corne-
al disk flattens out again within the
hollow of the trephine because the
resistances along the circumference
of the blade again become uniform.
But though apparently the disk has
been excised smoothly with one

precise cut, it does not have the
ideal cylindrical shape because of
the tissue distortions occurring in
the final phase of the cut.*?

** These deformations are wnnoticed by
the surgeon because they are hidden by
the plunger. The degree of these distor-
tions depends on friction, 1.¢., on the arca
of contact between the trephine and tissue,
and is greatest when the plunger of the
trephine touches the corneal surface (see
Fig. 5.69a). The friction is reduced by
Mluid escaping from the chamber and pool-
ing hencath the plunger (Fig, 5.69b).
Thus, if the chamber has been filled with
viscous or viscoclastic material prior ito
trephining, their rheologic properties can
be exploited for lubrication. However,
these materials can transmit rotary motion
from the plunger to the comneal disk, de-
pending on their maximum viscosily at
low shear rates (see Fig. 2.17). 11 empry
space exists below the plunger the moment
the anterior chamber is entered (Fig.
5.69¢). there will be no plunger friction,
but deformation of the disk 15 facilitated
because the dead space makes room for
folding or even inversion of the disk
(Fig. 5.72d).

Fig. 5.72. Tissue motion accompanying
blade rotation

a The drawing shows the position of the
corneal disk in the resting state (i.c., at
the moment the stationary trephine is ap-
plied). This position is marked by imagin-
ary cross-hairs to allow comparison with
later drawings.

b During penetration of the parenchyma,
the tissue is entrained by the rotating
blade. If the peripheral cornea is fixed by
frceps at this stage, only the tissue inside
the trephine will be twisted, This creates
shearing motions between the lamellae in
the {superficial) part of the disk already
divided and the (deep) portions of the cor-
nea mot vel divided.

¢ Adter the anterior chamber is entered,
the divided part of the disk becomes more
mobile and is driven toward the portion
still attached.

d When more than hall the disk has been
excised, it may become folded if there is
sufficient space in the hollow of the tre-
phine.

B3 site of forceps application

Trephines with a Pointed Blade

Constant, complete visual monitor-
ing of the trephination is possible
only with the use of a cone-shaped
instrument. The basic design re-
quires a pointed blade that travels
along a conical outer sleeve
(Fig. 5.73).

Small blades are extremely mo-
bile owing to their low lateral resis-
tance and can easily deviate from
the intended path. It 15 more diffi-
cult to achieve a circular incision
than with a cylindrical trephine, be-
cause the low lateral resistance can-
not adequately stabilize the instru-
ment. The cut may deviate laterally
whenever the blade encounters a
site of increased tissue resistance
(Fig. 5.74). To avoid this, the tre-
phine and cornea must be apposed
s0 securely that the resistance to lat-
eral deviation is greater than the
force inducing the deviation.



Fig. 5,73, Trephine with a pointed blade

a The point of the blade travels along a
comical carner as it 15 advanced more
deeply. Both motions require precise me-
chanical control.

b Cross-section through the cone and
blade.

¢ With cones of varying mclination, var-

ious angles of attack al the lissue can be
selected

Fig. 5.74. Lateral shifting tendency of the
trephine. The blade tends 1o bypass areas
of increased resistance within the cornea,
e.g. scars {gray). The carrier may shilt rel-
ative to the corneal surface, or the globe
may shift relative to the cone if the resis-
tance Lo this shift iz smaller than its force.
In contrast to cylindrical trephines, then,
the cut may deviate laterally (red) from

the intended circular path (black)

Completion of the Trephine Section

Onee the anterior chamber has been
entered, trephining can be contin-
ued only as long as the chamber re-
tains sulficient deprhr. If the corneal
disk cannot be excised with the tre-
phine alone, the section must be
completed with a seissors or wlira-
sharp blade. Bul changing to a dif-
ferent instrument also changes the
profile of the incision, and a ledge
may be formed. Because this is a

major source of incongruity be-
tween different disks, it is impor-
tant to keep these ledges as small
as possible. This is achieved by
guiding a cutting edge precisely
along the cut surface already estab-
lished (Figs. 5.75, 5.76) and by min-
imizing tissue deformation in front
of the cutting edge. Scissors
(Fig. 5.77) are applicd so that they
distort only tissue that will subse-
quently be discarded (i.e., the resid-
uwal cornea n the donor eye, and
the disk in the recipient cornea).
Fixation instruments are applied in
a way that avoids traction that
could deform or displace tissue in
front of the cutting edge (Fig. 5.78).

If we analyze the trephining pro-
cess, we find that the major obstacle
to obtaining perfectly congruent
disks is the tendency of the blade
to entrain or push aside the tissue.
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This tendency results from the resis-
tances that invariably develop
along trephine blades of finite
thickness., Thus, the key to improv-
ing precision with these instruments
is to immobilize the peripheral cor-
nea and corneal disk with methods
that allow perfect fixation.

Best are “no touch™ technigues
that divide tissue without resis-
tance, 1.¢., surgical lasers.
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Fig. 5.75. Completing the trephine section
with scissors, [F the radius of blade curva-
ture equals the radius of the trephine, the
cutting point will follow the trephine inci-
sion on closure of the blades. Thus the
blades make no swiveling motions in the
anterior chamber

Fig. .76, Completing the trephine section
with a sharp-pointed blade. The cutting
edge of the blade is guided carelully along
the edge of the corneal disk. It is held in
the same plane as the trephine cylinder
(e, vertically) and precisely follows the
circular line of the trephine incision

5.5 Sauturing the Cornea
and Sclera

5.5.1 Suture Technique

Due to the unyielding nature of the
tissue, extreme precision is required
in the placement of corneal and
scleral sutures.

The needle track is cut in lamellar
tissue, so the lamellar rule applies,
This means that the greatest accu-
racy is achieved when the needle tip
is passed either parallel or perpen-
dicular to the plane of the lamellae
{Fig. 5.79) rather than obliquely
{see also Fig. 5.2). This requirement
is especially important in  tissue
with low sectility, which offers
greater resistance to passage of the
needle,

If tissue deformation is caused by
the grasping forceps, it must be
compensated for by appropriate
countermovements during needle
passage (Figs. 5.80-5.82).

Fig. 5.77. Completing the trephine incision
with scissors creates a siep whose location
is determined by the placement of the
scissor blades, Light gray: Trephine disk,
dark gray: Peripheral cornea.

a When the edge of the blade in the inci-
ston faces from the peripheral cornea io-
ward the disk, the step forms in the periph-
eral cornea.

b When the cutting edge faces away from
the disk, the step is formed in the disk

Fig. 5.78. Step formation by traction with
a grasping instrument. 11 the forceps does
not significantly deform the disk prior to
cutting, the blade can make an almost
step-free incision (fefi). But if the disk s
strelched upward {cewnler). an inverse step
{ = defect) may form in the peripheral cor-
nea (right)



Fig. 5.79. Suture characteristics. A sulure
causcs minimal shift of the wound surfaces
when:

= the suture plane is perpendicular to the
tissue surface {x = 90");

— the needle is inserted perpendicular to
the tissue surface (i = 20°):

- the tip emerges perpendicular o the
wound surface (=9}

Fig. 5.80. Inserting the needle perpendicu-
lar to the tissue surface

a In an undeformed tissue surface, the
needle shaft must be inclined well back
to allow the tip o pierce the tissue at a
right angle {note the position of the need-
leholder).

b IT the tissue surface is picked up with
a forceps, the needle position must be ad-
justed accordingly. The shaft may now be
held in a more upright position

Fig. 5.81. Obiaining a perpendicular suture
plane

Left: Tissue deformation by forceps.
Right: Position of suture plane after for-
ceps release.

a—¢ The wound margin is picked up with
a forceps to creale resistance for suluring.

a If the needle is passed on the perpendic-
ular plane directly bencath the forceps, the
suture plane also will be perpendicular on
release.
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b The same maneaver performed at some
distance from the forceps vields an oblique
suture plane upon release.

¢ Compensatory slanting of the needle is
necessary when the suture 15 passed at
some distance from the forceps.

d An ultrasharp needle can be passed with
very little fixation of the wound margins,
50 the lorceps need not grasp (and deform)
the tssue but merely touches its surfaces
at the needle exit (see Fig. 2.40c¢). This
climinates the tissue deformation prob-
lems in a—c
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Fig. 5.82. Effect of the direction of needle
passage on wound apposition

a Passing the needle parallel to the tissue
surface results in equal suture depths in
the two wound surfaces (A) regardless of
the gap between them () at the time of
suturing.

b Passing the needle obliquely results in
different suture depths (4 docs not equal
), an cffect that increases with the dis-
tance B. The degree of incongruily on
tightening does not depend on the suture
tension (fewer fefi). IF the wound marging
are pressed together dunng obligue pas-
sage of the needle (D=0, the suture
depihs are equal {4 = B}, bul the stiich is
asymmetrical (fower right). The wound
surfaces will remain apposed at low suture
tension but will become incongruent when
tension 15 increased

Loose sutures such as simple ap-
position sutures pose few problems
because they do not alier the tissue
topography. But tight sufures such
as compression sutures shorten the
suture track and cause deforma-
tions that may interfere with wound
closure. The nature of the deforma-
tion can be inferred from the rule
of suture tightening (see Fig. 2.100),

In perpendicular incisions, the deep
wound edges begin to gape when
suture iension is increased (Fig.
5.83). In single-plane oblique inci-
sions, the wound edges shift relative
to cach other and override (Fig,
5.84). In stepped incisions, superli-
cial apposition is preserved but the
valve mechanism is destroyed in the
deeper portion of the wound (Fig.
5.85).

It should be noted that a single
deforming suiure can disrupt closure
for the full length of the wound due
to the rigidity of the tissue (Fig.
5.86, see also Fig. 5.94). This situa-
tion is best corrected by removing
the offending suture. Any attempt
to produce a countertension with
“gorrective sutures™ would cause
additional distortion that may re-
store watertightness, but at the cost
of significant astigmatism.

Fig. 5.83. Suture problems in the perpendic-
ular incision. Comparison of sutures that
enter and emerge al poinls equidistant
from the wound line.

a A deep semicircular stitch produces a
large compression zone. The depth of
placement is limited by the tissue compati-
bility of the suture material (inflammatory
canal, see Fig. 2.123).

b A superficial siiich compresses only a
small part of the wound surface. Appasi-
ton i the deep (uncompressed) zone 15
maintained only if the suture track has not
been shortened by tightening of the
thread.

¢ The thin surface layer may tear when
the suture is tightened. This places the su-
ture closer to the wound line than planned.

d If the tissue does not tear, deep gaping
occurs when the suture is tightened. Ague-
ous may rise to the suture track. Contrary
1o expectations. the more the suture is
tightened, the greater the risk of fistula
formation



Fig. 5.84. Sutwre problems in the oblique =
incision

a If the suture enters and emerges at sites
equidistant from the external wound line
(4 =), the stitch will be asymmetrical in
the tissue and encompass little of the over-
riding wound margin.

b If the entry and exit sites are equidistant
from the point of deep suture passage D,
they will be asymmetrical on the tissue sur-
face (A > B).

¢ When the suture is tightened, a vector
component acts along the oblique incision
to cause relative shifting of the wound
marging (fnser). The wound remains wa-
tertight, but apposition is faully

5@

Fig. 5.85, Suture problems in the step inci- =
sion
a The ouwter step is fixed by a superficial

apposition suture and maintains the valve
function.

b The valve mechanism is impaired by a
thick thread in the interlamellar layer.
¢ The valve mechanism is also comprom-

ised by excessive suture tension. The entire
valve is deformed and may leak

b
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b
Fig. 5.86. Tightening of obliquely placed
sutures
a When loose, an obliquely placed suture
does not impair apposition.
b Tightening the suture causes the wound
cdges to shift, and leak ooccurs not just

at the sulure bui along the entire wound
line

5.5.2 Special Types of Suture

Given the difficulties that invari-
ably occur when tight sutures are
used in rigid tissue, 1t 1s best to
avoid incisions that require com-
pression sutures for effective clo-
sure {perpendicular incisions) in fa-
vor of incisions that can be made
watertight with simple apposition
sutures (valvular incisions).?® In
that case the type of suture used is
far less important than the suture
Jengeh - for any suture whose length
exactly equals the length of the nee-
dle track makes a satisfactory ap-
position suture (see Fig. 2.97).

If the surgeon must deal with a
trawmaiic or irregular wound of pre-
determined shape, he should seek
the best compromise on the basis
of the valve rule, hinge rule, and
the rule of suture tightening.

* Some very small valvular incisions can
be made watertight simply by applying a
contact lens,
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Fig. 5.87. Wounds with a variable valve
width. Simple interrupted sutures are
spaced according to the hinge rule. In scg-
ment A the wound serface is steepest (Le.,
the valve 15 most narrow), so the sutures
must be spaced closer together than in seg-
ment C, where the valve is very wide

Fig. 5.88. Wound with valves facing multi-
pe directions, Simple inlerrupted sutures
are placed at sites where the wound sur-
faces are perpendicular (f and 2), subdi-
viding the wound into scgments whosg
valves face the same direction. These seg-
ments are managed according to the hinge
rule (3)

Fig. 5.89. Continuous sutures on irregularly
shaped wounds

a Continuous sutures tend to linearize the
encompassed area (see Fig. 2.103b). Thus
the suture does not follow the irregulan-
ties in the course of the wound, but pro-
duces a linear compression zone that in-
corporates the entire wound area.

b If the wound line is too irregular to per-
mit this, one or more simple intermpted
sutures (/) are used to subdivide the
wound into segments, which are then
managed in accordance with a. (Note:
Strong suture tension tends to Matten the
corneal dome; see Fig. 2.103a)

Fig. 5.90. Suturing a triangular flap

a Compression sutures on the lateral
wound marging would cause the apex of
the Map to retract.

b Solution: The apex is sutured first. This
is done by direct suture if sufficient tissue
is present, i.e.. if the flap angle is suffi-
ciently large. The lateral sutures are placed
obliguely to relieve tension on the apex

In incisions that have a nonuni-
form valve width (Fig. 5.87)%° more
sutures must be placed per unit
wound length in portions with a
narrow wound surface than in
places with a wider valve. If the
plane of the cut is twisted so that
the valves face various directions
(Fig. 5.88),%° interrupted sutures
can be placed at the nodes of the
twist (i.¢., at sites where the wound

oo

surfaces are perpendicular), subdi-
viding the wound into segrmenis
that have a single valve direction.
These segments are then closed ac-
cording to the hinge rule.

Wounds with multiple fine serra-
tions are best managed by dividing
them into subsegments that can be
closed with straight, continuous su-
ture lines (Fig. 5.89).

rl.—l

oo

% This occurs when the angulation of the
culting mstrument 15 varied during the
commeal scction. For example, scgment A
in Fig. 5,87 was made with the blade held
upright, resulting in a narrow valve. The
section was completed with scissors held
less wpright in segment B (moderately wide
valve) and at a very low angle in segment
C (very wide valve).

* This type of wound is made by fNat, ir-
regular missiles such as flying glass or a
bursting shell,
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Fig. 5.91. Closure of triangular wounds
with intralamellar sutures,

Tap: View of the cornea from above.
Center: Semiperspective view of the loose
and tighiened suture.

Botrom : Cross-sectional view of the apical
region,

a Partial intralamellar suture; The stitch
is intralamellar in the flap and epicomeal
distal to the flap. Tighteming the loop
creales veclors that everl the fap above
the level of the cornea, forming a step.

The closure of triangular and
branched wounds is especially chal-
lenging.*” Compression of the side
limbs causes immediate gaping of
the apex (Fig. 5.90). The first step,
then, is to secure the apex. If there
is not enough tissue for a simple
interrupted stitch, the apices can be
apposed using intralamellar sutures

[ |

b Passing the epicorneal part of the loop
across the end of the Map (i.e.. placing the
suture less distally) creates vector compo-
nents that press the Map downward and
reduce eversion of the apex, although the
surface of the flap is still somewhat irregu-
lar.

(Figs. 5.91, 5.92). Sutures with a
partial intralamellar placement have
a tendency to evert the intralamel-
lar portion of the wound (Fig.
5.91a, b). This is avoided by a to-
tal intralamellar suture placement
(Fig. 5.91¢).*® When closing the
side limbs, it is useful to place the
sutures obliguely to direct addition-
al traction toward the apex (Fig.
5.90b).
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¢ For a purcly intralamellar suture, the
corne is incised to the desired depth distal
to the apex of the flap using an ultrasharp
blade. The suture is passed from the base
of this incision through the Map and back
to the groowve, affording a secure closure
that keeps the flap flush with the sur-
rounding cornca

[+

37 This type of wound is produced by ob-
jects with multiple edges, such as frag-
ments of thick glass.

3 Nore: The intralamellar threads have a
greater tendency 1o cut through the tissue
than “normal ™ threads placed perpendic-
ular to the surface because they are not
anchored by the ngid Bowman's mem-
brane. These sutures must be placed an
adequate distance from the apex, there-
fore.
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Fig. 5.92. Closure of a jagged wound with
an intralamellar pursestring suture. A par-
tial-thickness corneal incision is made with
an ultrasharp blade next to each Nap,
analogous to Fig. 5.91c. A pursestring su-
ture is passed through these grooves and
is tightened to approximate the apices of
the flaps

In wounds involving a tissue de-
fect,?” closure often cannot be ef-
fected simply by reapproximating
the wound margins with sutures. If
the defect is small, relaxing incisions
may maobilize the tissue sufficiently
to allow watertight closure (Fig.
5.93). Larger defects require recon-
struction with corneal or scleral
grafts. *°

The suturing of corneal disks bas-
ically follows the hinge rule. The
first hinge is formed as soon as the
disk 15 ixed with two sutures, Addi-
tional sutures serve to subdivide the
wound into watertight segments.
The number of segments is dictated
by the hinge rule for flaps that open
inward (see Fig. 5.32).*' Thus, a
disk with a small diameter requires
more sutures per unit wound length
(i.e., more closely spaced sutures)
than a large disk. Also, more su-
tures are needed when placed super-
ficially than when placed deeply
(see Fig. 5.34).

Circular wounds are especially
challenging in terms of achieving
uniform tension along the wound
line. Even a single suture placed too
tightly can cause gaping along the
whole circumference of the wound
(Fig. 5.94). Continuous sutures dis-
tribute tension uniformly and in
fact are ideal for suturing corneal
disks, because the circular shape
eliminates the inherent disadvan-
tages of the running suture
(Fig. 5.95).

pEEl

** Such as an inveterated wound contain-
ing incarcerated foreign material {foreign
body, iris prolapse, lens capsule, etc.). If
a long interval passes from trauma to
treatment, the wound margins will stiffen
in a gaping position as a result of tissee
organization, and removal of the incarcer-
ated material will leave a defect. Similar
problems can arise when an attempt is
made to close an antiglancomatows fistula
secondarily,

40 In some cases coverage of the wound
area with a conjunctival flap may be mec-
essary to improve watertightness.

! The standard rules of wound closure
apply only if specific conditions are mel:
Closure by the valve mechanism is possi-
ble only if the wound surfaces are smooth
and congruent; irregular wound surfaces
require compression sutures to provide a
contact arca adequate for closure. The
hinge rule applies only if there is sufficient
tissue tension. In trephining, then, the pri-
mary task of sutures is 1o make the disk
tense, the number of sutures depending on
the inherent elasticity of the tissue, Once
sufTicient tension is achieved, the definitive
number of sutures depends on the hinge
rule.
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Fig. 593, Repair of small tissue defects.
Use of relaxing incisions to obtain scleral
or corncal sliding flaps. (Nete: Corneal
flaps must be de-cpithelialized before use.)
a A partial-thickness incision made some
distance from the wound margin mobilizes
the superficial tissue laver, allowing it to
be swung into the defect, Mate? The relax-
ing incision must be longer than the defect
to be repaired!

b Relaxing incisions may be used on both
sides of the defect
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Fig. 5.94. Simple interrupted sutures in cor-
neal disks. Tightening of sutures placed
perpendicular to the wound margin.

a If suture tension is uniform, the wound
edges are pressed together uniformly
about their circumierence.

b If cven one suture is overtightened, the
entire wound gapes

Fig. 595, Continnous sutures in corneal
disks. In circular wounds the side effects
of continuous sulures play a minor role.
The tendency of continuous sutures Lo
move onto one plane when tightened (see
Fig. 2.103a) may not flatten the dome, be-
cause a circular wound 15 already on one
plane. The lateral shifting tendency on su-
ture tightening is of no consequence in a
circular wound (see Fig. 2.111)
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