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Hans GOLDMANN:

.. T am not manually skilled by nature,

5o when it came 1o surgery 1 had to carefully ponder,
and try to understand rationally,

each step of the procedure...”

{From a casual conversation)

Prrer NIEsEL:

Purely intuitive skiils are difficult to analyze.

The underlying canses of success or failure remain obscure.
~This may be why the operative methods

described by one author are often less successful in other hands:
While the method has been learued, the craftmanship has not.
Experience, dexterity and intuition are not conscious processes
and are thus difficult to transfer to others.

The present book is concerned with finding a rational basis

Jer specific surgical manipulations.

{(From the introduction to the first edition of Bye Surgery 1978}



Preface

The second English-language edition -of my book Eye Surgery is almost
a new book. This reflects the developments during the ten years since the
first manuscript was completed, Tndeed, the changes have been so far-reach-
ing that a fundamental different ophthalmic surgery has evolved. In the
process, a new “way of surgical thinking" has emerged, calling for extensive
revisions even in a book that is concerned with the elucidation of basic
principles rather than with individuat methods.

In keeping with modeen developments, it has been necessary to udd new
chapters to this book and revise the o!d ones. The revisions took the author,
working in his spare lime, several years to complete.

While a book by ong author has the advantage of being uniform in
its style and presentation, it also has shortcomings due to the limitations
inherent in a single-author work. It is my hope that, on the whole, he
advantages will outweigh the shoricomings.

Though singly authored, the book would not have been possible without
the help of others. It has thrived on the friendly exchange of ideas at
our University Bye Hospital in Bern - an interchange thal was already
lively, when the first edition was created, while Prof. Hans Goldmann was
still clinical director, and which has been carried on by his successors,
I am indebied to Prof. Peter Niesel, who based on his tireless research
into causcs and approaches offered important suggestions for the first edi-
tion and continued to offer helpful comments during the development of
this second cdition, Besides his daily support, he critically reviewed the
first chapter on spatial tactics and helped to present ihe material with
greater clarity and precision. 1 am grateful to Prof. Franz Fankhauser for
reviewing the chapter on laser surgery. | also express thanks to the staff
physicians and residents at our clinic, who by their-useful questions and
comments contributed many good ideas,

The number of iliustrations has been expanded to 546, I was pleased
to rely once more on the help of opr university iflustrator, Mr. Peter
Schneider, who.in addition to his technical competence as an artist, dis-
played an insight and eritical abifity which clarified and enhanced my ideas.
Although the rew illustrations tock a great amount of time and effort
to complete, Mr. Schneider accomplished the job with patience and uncom-
promisifig accuracy, The reader will readily appreciate the quality of his
work, a quatity attested to by the Fact that many of his drawings have
since been reproduced in other books. | am very grateful to him,

[ also wish to thank the translator of the German text, Mr. T.C. Telger.
After his oustanding work on the first edition, I was greatly relieved to
learn that hecould undertake the job - a job made more difficult by the
fact that the novel approach and new terminology in this book made it
necessary to incorporate terms from other technical fields. Anyene familiar
with the difficulty of reformulating complicated German syntax into read-
able Bnglish wilt appreciate his achievement.




YL Preface

My thanks go to Mrs. F. Meier-Gibbons M and to Dr. Walter Lotmar
for the careful proof-reading.

[ express special thanks to my secretary, Ms. Christine Lehmann, for
her tircless work in typing and retyping the text and its revisions. Her
diligence and reliability were an important asset.

1 also wish to thank Hans Grieshaber (Ophthalmic instruments Schaff-
hausen, Switzerland), Alcon Lid. (USA), and Pharmacia AG (Uppsala,
Sweden) for their financial support in the production of this book. Other-
wise the many iltustrations would have made the cost of the book prohibi-
tive, With their assistance, it was possible to keep the didaclic concept
of the book intact. .

I am again grateful to the stafl at Springer Verlag for all their care
and effort in the production of the book. They desegve recogaition for
the fact that the first German-language edition of Eye Surgery was listed

among the 50 most beautiful German books by the Book Art Foundation

of the Association of the Germaid Book Trade.

Finally, [ thank my wife Susanne-and my children Daniel, Miriam, and
Simone for their patience and understanding in accepting all the impositions
upon family life that were inevitable during the creation of this book. '

Bcrn . G. EISNER
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Introduction

Eye Surgery is intended as a “grammar® of intraccwlar surgery. However,
is such a grammar realiy necessary? Is it not better lo learn by practice
than by theory?

What is the role of grammar in learning a langueage? Indeed, there are
people who learn by practice alone. However, while practice may be a
fine way to acquire language skills rapidly for everyday use, it is a laborious
way to acquire more sophisticated language skills. It is difficult to recognize
and correct errors without a knowledge of the basic structure of the lan-
guage. Furthermore, grammar makes it easier to acquire new knowledge
because it facilitates the integration of newly learned materiat into a whote.
Actually, granunar shortens the path to perfection.

In the same way, it is possible to learn surgery by practice alone. But
the road to experience is long, and if this is true of routine procedures,
it is even more true when it comes to dealing with complicalions, i.e.,
finding optimum solutions in unexpected situations. I do not believe that
the {rial-and-error quest for experience is compatible with the interests of
the patient. A knowledge of surgical *grammar® shortens the learning
process. Furthermore, it helps in comparing different methods and weighing
their advantages and disadvantages. Finally, a mastery of grammar makes
it casier to develop new methods, because the basie principles, once learned,
can be applied to novel sitvations in which experience is necessarily lacking.

The present book is tailored to this “grammatical” way of thinking.
It describes basic principles of operating technique rather than specific
methods, Like a language grammar that is concerned less with what is
said in the language than with how well it is expressed, Eye Surgery focuses
not on what is done but on kow something is done.

And just as the length of the paragraphs in a grammar book does not
necessarily reflect the frequency of the problems (“the rules are usually
shorter than the exceptions®), the lengths of the sections in this book do
noi correlate with the practical frequency of surgical situations, If selected
problems are presented, they are merely examples intended for training
the reader in a surgical way of thinking (hat will prove valuable in entirely
different and perhaps unexpected situations.

Qur gramimatical appreach is appropriate for the standard procedures
in the anterior segment of the eye, which wsually are performed on normal
tissue in a normal anatomic position. For such tissues whose properties
are reasonably predictable, the surgeon can rely on geometrical and physicat
principles. This applies much less in surgery of the posterior segment, how-
ever, where we are dealing with pathologically altered lissue that has been
displaced from its original position. The primary concerns of the surgeon
are the careful clinical evaluation of the pathology and the development
of a strategy appropriate for that pathelogy, The **grammatical” aspects
in this type of surgery play a minor role. Therefore, posterior segiment
surgery is not specifically treated in this book. However, a structured
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approach can be derived by anatogy with the rules for surgery of the anterior
segment, i.e., space-tactical requirements, instrumentation, the treatment
of lameltar and elastic tissues, etc. When faced with pathology, it is the
surgeon’s task to recognize which of the respective rules are applicable
and to find the best solution,

One point must be emphasized: Just as a grammar cannot replice a
language textbook, this book is not meant to replace textbooks on ocular
surgery. Here we tend to assume that the reader is already familiac with
standard operative goals and methods; and when we do detail the steps
in a specific procedure, it is only for the purpose of illustrating essential
techaical principles. A chinical evaluation of specific operations is outside
our present scope.

Bvery learning process poses a dilemma: The whole cannot be kno\vn
without understanding its parts, and the parts cannot be grasped without
understanding the whole. A “grammar book’ can be a helpful roadmap
on this complicated path.

The Paradox of High Success o

Qur goal in studying principles of
surgical technique is to achieve the
highest possible rate of success, Yet
the closer we come to this goal, the
more diffieult it becomes to per-
ceive the result of our efforts, The
reason for this is what I call the
“paradox of high success” - the cu-
rious fact that, as success rales im-
prove, it becomes increasingly diffi-
cult to substantiate further im-
provemeits, because they become
— increasingly fess apparent

—and increasingly difficult to

prove.

The reason for the poor perceptibi-
ity of increments at high success
levels stemns from the practice of ex-
pressing success rates as percent-
ages, However, the significance of
a percenfage change depends on
whether it cccurs at the middle or
extreme end of the percentage scale.
For example, a 10% improvement
from 45% 1o 55% means very liltle,
because both rates imply that there
is roughly one success for every fail-
ure. Thus, the success rate (about
1:2) remains essentially unchanged

despite the percentage improve-“

ment. In contrast, an improvement
from 80% to 90% means that,
where formerly we could expect
about 5 successes for every failure,
we can now expect about 10, In this
case, then, the 10% improvement
has led to a doubling of the success
rate. Following this trend loward
the extreme end of the scale, we will
find that percentage improverments
that appear negligibly small have a
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profound effect on the success rate.
Thus, a rise of only 1% from 98%
to 99% means that, where formeriy
we could expect 50 successes per
failure, we can now expect about
100. A further improvement of only
0.5% beyond this point, from 99%
1o 99.5%, would be a tremendons
advance, implying that only 1 in
200 patients would be at risk for
failure.!

As the percentages rise, of
course, there is a corresponding in-
crease in the intellectual and mate-
rial investment necessary to effect
the improvement. Whereas little cf-
fort is needed to boost the rale from
45% 1o 35%, an increase from 80%
to 90% calls for considerably
greater know-how and technical ex-
pertise, while an increase from 99%
to 99.5% demands a tremendous
investment indeed. The basic prob-
lem is that, as success rates cfimb,
it becomes increasingly difiicult to
justify the expense necessary for
further improvements, since the im-

provement may not be amenable to -

statistical proof.

This brings us to part two of the
“paradox of high success®; the un-
provabifity of extremely high suc-
cess rates, The case numbers neces-
sary for stafistical proof increase
dramatically with the success rate.
For example, proof (p<0.01) that
a success rate of 80% has been
raised 1o 90% by a new technique
would requir¢. a data base of 250
cases. Proof of improvement from
98% to 99% would require about
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2900 cases, and proof of a 99% to
99.5% increase would require
about 5800 cases. Clearly, the case
numbers necessary for a valid sta-
tistical study (ene involving compa-
rable patient populations, the same
operator using a coastant, stan-
dardized technique over the course
of the study, and standardized fol-
low-up procedures) cannot be
achieved in practice. This implies
that extremely high success rates
cannol B¢ proved.

I'addressthis problem at the start
of the book in the hope that the
reader who seeks to optimize his
surgical technique through inten-
sive study will not become discour-
aged. Even though the results of his
efforts may not be obvious or prov-
able, the certainty of having done
his best for the individual patient
— always the prisnary concernt — will
still bring him satisfaction and will
motivate him toward further refine-
ments of his teghnique, ?

! 1t follows thal success rates are more ¢as-
ily appreciated when Ihey are expressed
as fractions.

2 It is important for the surgeon to under-
stand the paradox ol high success not just
for Kis awn motivation, but also so that
he can discuss the problem intelligently
with political and administiative authori-
ties who make funding decisions. Qbvious-
ty it is difficult te justify the enormous
costs of increasing a high success rate
when the improvement is reither nunseri-
cally impressive nor provable.




Tactics in Ophthalmic Surgery

Modern microsurgery has revolu-
tionized the conduct of eye opera-
lions. Above all, it has changed the
mode of feedback on which the sur-
geon relies to guide his maniptla-
tions. The classic concept of teciife
Jeedback, in which the operator is
guided by tissue resistance, has
been largely superseded by a viswal
feedback that relies on the evalua-
tion of spatial relationships. With
tissue resistance no longer a critical
faclor in guiding the application of
forces, it has been possible to devel-
op finer instruments that are more
in line with the demands of atrau-
mutic technique.

But modern ophthalmologic mi-
crosurgery implies morg than im-
proved visualization and finer in-
strumentation. I§ embedies an en-

Table 1. Surgical taclics im ophthalmalogy

tircly new approach tosurgical fact-
ies in general. The way of “classi-
cal” surgery is’to accomplish a giv-
¢n task in a minimum number of

steps, with eath step achieving as,

many individual goals as possible.
The success of this ““synthetic™ ap-
proach requires extremely high skill
and dexterity on the part of the op-
erator.!

This contrasts with the “analyti-
cal” approach of the microsirgical
technigque, which permils every sur-
gical action to be broken down into
jits individual components. The ad-
vantage of this approach is that
each step can be adapted 1o a spe-
cific situation, making it easier for
the surgeon to deal with any com-
plications that arise.?

Targets of

Tactical goals Instrumenits
surgical action
Tissug Division Cornea - Knives
lactics Removal of tissue Ins ~ Fomeps
Uniling Lens - Suturcs
Vitreous
Relina
Surfuce Protection of Endothelium — Viscaus malerials
tactivs surfaces Lens capsule — Plastic sheeling
Anterior hyaloid
[nner Bmiling
membrane
Spatial — Maintenance ot Intraecnlar — Hydrodynamic flow
Lactics expansion of chambess and systems
intraocular subcompartments — Viscoelastic
compariments materials
- Blockads of — Bubbles with
connecling surface * membrangs™
pathways (gas, oil)

Microsurgical technique, then, is
charactesized by an  increased
mamber of individual manipulations.
While this has advantages, it also
increases the potential for Lissue Je-
sions caused by inadverfent move-
ments of instruments or tissues.
Consequently, modern microsur-
gery is concerned not just with the
intended effects of a surgical action
(offensive factics) but also with the

! Bxamples of * synthetic” manipulations:

_ The anierior chamber is opened in a
single mancuver with a cataract knife
or keratome. The incision requires si-
mullancous  rotational movemients
about various points and thrusting
movements of exireme precision (see
Fig. 5.48). The slightest crror will jeop-
ardize the procedure by allowing pre-
mmature  collapse  of the anterior
chamber. The sesull is a unique type
of incision profile; modifications and
corrections are neatjy impossible.

_ Anterior capsulotomy with a forceps
(sez Fig. 8.44) eaclses and removes a
piece of the anterior capsule whoss size
and shaps are difficull te control, The
slightest ercor may result in 2n inade-
guatc capsulotomy, ruplure of the pos-
terior capsule, damage to the zonuls,
or unintended extraction of the whole
kens.

2 Bxamples of the “analytical” approach:

— By opening the anterior chamber with
step incisions made on nultiple planes,
the surgeon can acturately caatrol the
shaps and profile of Lhe fncisions (see
Fig. 5.62) and modify them as needed.
Pach step requires special manipula-
tions, but errors in previous steps can
be corrected in subseqguent sieps, pro-
viding an increased margin of safety.

— Anterior capsulotomies can be per-
formed in mulliple *'ministeps” {see
Fig. 8.38) to creale an opening of any
desited shapa and size. With each new
step the surgeon is abla to correct errors
mads in previous steps,

ayoidance of undesired side-effects
on the surrounding tissues (defen-
sive tacties).

Offensive tactics, also referred to
as_tissue tactics, include such “ac-
tions as the grasping, division, re-
moval, and uniting of tissues. The
instrumenis used for these actions
are forceps, knives, sutures, ctc.

Defensive tactics may be subdi-

tial tactics. Surface tactics are pas-
sive defensive measures in which
protective materials such as plastic
film or viscous substances are used
to keep tissue surfaces [rom coming
in contact with instruments, im-
plants, or other tissues. Spatial fac-

‘Factics in Ophthalmic Surgery
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tics are active defensive measures in
which' surrounding tissues are pro-
tected by maintaining or auginenting
fisswe spaces to create sufficient
room for the numercus micromani-
pulations, This can be accom-
plished by the use of hydrodynamic
systems, viscoelastic materials, or
“membeanous implants™ (Table 1).



1 Spatial Tactics

Spatial tactics in ophthalmic sur-
pery are concerned with the shape
and volume of the globe and its in-
terior compartments (Fig. §.1). The
objective is to aller these parame-
ters or maintain them in a con-
trojled way during the application
of external forces. Spatial factics
provide the immediaie context
within which the culting, removing,
and uniting of tissues are per-
formed.

The shape of an intraocular
chamber, and thus its volume, is a
function of its wedll tension. This
tension results from the physical
properties of the wall tissue andfor
from the pressure inside the
chamber. For a given tissue, then,
a change in the volume of the
chamber is associated with a change
in its internal pressure,

Fig. 1.4. The globe and its compartmenis
Left side: Nermal anatomy
Right side : Pathologic spaces

Closed chamber systens:
1 Anierior chambsr
2 Vitrgous chamber

Open subcompariments:

3 Iridocorneal sinus

4 Iridocapsular interspace
5 Intercapsular sinus

6 Hyatecapsular interspace

7 Cilioscleral interspace (after cyclodia-
Lysis)

8 lridohyaloid interspace (after intracap-
sular cataract extraction)

9 Vilreoretinal interspace {after posteri-
or vileeons detachment}

10 Chorioretinal interspace {after retinal
detachment)

11 Sclerocheroidal interspace (after cho-
roidal detachment)

1.1 Pressure Systems
for Regulating
Chamber Yolume

A pressure sysiem is illustrated in
Fig. 1.2. The pressure in a chamber
P, is determined by the relation be-
tween the inflow volume (V) and
the outflow volume (V,,). The
pressure in the chamber will remain
constant as long as the inflow and
cuiflow volumes are equal (formu-
la 4). However, the pressure cannot
be set to a predetermined level just
by stipulating the flow-through pa-
ramelers because it is a ratio and,
as such, P cannot be cxpressed in
isolation from the other parameters
in formula 5. A given pressusc can
be established and maintained only
by a regulating system which mea-
sures the chamber pressure and uses
the measured pressure as feedback
to make apprapriate adjustments. ‘

Of practical importance are the
extreme valwes that can develop in
a pressure system and the condi-
tions under which they octur (for-
mula 6): The highest pressure is the
initial pressure (Py,), and the pres-
sure inside the chamber approaches
that value when the inflow resis-
tance tends toward zero or the out-
flow resistance tends toward inlin-
ity.2 The lowest pressure is the ter-

1[q the absencz of sich a measuring sys-
tem, ong must rely on an “adequate™
pressure as determined by visual observa-
tion of the chamber velume.

? As a practical example, the veclusion of
a tightly inserted outflow cannula would
produsce an infinite outflow resistance.

!
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minal pressure (P, ). It develops in
the chamber when the inflow resis-
tance tends toward infinity or the
oulflow resistance tends toward
zero.?

When values are selected for the
iniﬁal‘pressure and términal pres-
sure, it must be considered that
these extreme values can indeed de-
velop in the chamber under extreme:
conditions, so they should remain
within limits that can be tolerated
by the chamber.

In sefecting the inflaw resistance,
very low values are advantageous
bccau§e they permit the selection of
alow initial pressure.* On the other
hand, a high value is advantageous
for the outflow resistance, as this

" makes il easier to stabilize the
_ghanlber volume. Free selection of

he oulftow resistance is limited by
;hc fact that surgical goals prescribe

B Pstart ==
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minimal widths for openings. Thus,
when planning the pressure system
for a particular procedure, the sur-
geon should first define the outflow
resistance aud then adapt the other
parameters 10 that value.

_In surgical practicg, then, the var-
ious types of space-tactical system

that are utilized 1o control the

shape and volume of intraocular
spaces are classified according to
their outflow resistance:

— systems ifi which the outflow re-
sistance is so high that, under or-
dinary conditions, there is no
drainage of the chamber con-
tents, and=no inflow is needed to
maintain the chamber pressure
(no-eutflow systems, Fig. 1.3a);

— systems in which the outflow re-

sistance is within limits that allow
the pressure to be controlled by

Fig. 1.2, Schematlc diagram ol a system for
regulating piessure in a chamber. Top: in-
flaw line. Center: chamber. Begton: out-
{low line

[1] Inftow pressure Py, =P,,,,—P,

Cutitow pressure P =T, —P,.,

[2] Chamber pressure P, :-Pfi‘ﬂ#

esiny

for smali differences between
Peeyand Pt Poy=Poo; =Pa

- {3] Volume of inflow V., :%
i

VYolums of ouiffow VmF%

cat

[4] V=Y., when $izoFPea

Ru  Rea
o Pa_ B
P Rea
[5] Insesting [1] and [2] into [43:
ani_ Pcﬁzi
p(l_Ptﬁd chl

[6] Therelore:

when Ry, -0, thenP,—P,,,
when Ry, — o0, then Py~ P,
when R, —0, then Py— P
when R, — w0, then P - Py,

regulating the inflow and outflow
{controlled-ontflow systems, Fig.
1.3b);

— systems in which the outflow re-
sistance is so low that a given in-
ﬂmfv system, is incapable of pres-
surizing the chamber Quicon-
trofled-outflow  systems, Fig.
1.3c).

3 As praciical examples, the inflow resis-
tanee approaches infinity when the inflow
1ul:!mg is inadvertently beni; the outfiow
resistance tends toward zero when an ow(-
flow orifice is widely opened,

* As we will see later, however, low values
are preblematic when external forves act
on the chamber. Limits are imposed as
well by topographic factors {the size of the
cannula).
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Fig. 1.3. Space-tactical systems

a Ne-outflow syslem: As ouiflow resis-
tance tends toward infinity, no drainage
oceurs, so therg is no need for inflow.

b Controlied-puiflow system: The out-
flow resistance is finite and peeater than
zer0. The available inflow capacity can
campensate for the culflow,

¢ Uncontrolled-cutflow system: As oul-
flow resistance tends toward zero, the
pressute in chambers open to the oulside
approaches atmespheric (=0)

1.1.1 No-Ouiflow Systems

Ne-outflow systems are technically
sirpightforward.  Primary no-out-
flow systems are those in which the
contents of the chamber remain un-
changed (Fig. 1.4.a, b). 1t is neces-
sary only to intreduce instruments
into the chamber in such a way that
the access opening remains wafer-
tight. Surgical options aro limited,
however, since o material may be
removed from the eye, and such
systems are suitable only for proce-
dures involving the division of tis-
sues. * Absolute no-cutflow systems
are procedures performed  with
fasers.

In secondary no-cutflow systems
the chamber is filled with a highly
viscous materinl (Fig. £.4¢). Since
the size of the outflow opening is

not a eritical concern in this system,
bulky instrumenis and implants
may be introduced into the
chamber, and tissue fragments may
be removed. Actually, uncon-
trolled-outflow systems can be con-
verted to secondary no-outflow sys-
tems by filling the chamber with
viscous material.

1.1.2 Controlled-Outflow
Systems

The controled-outflow system is a
regulating system that uses a feed-
back mechanism fo coordinate in-
flow and outflow. Theoretically it
would be ideal to have an inflow
capacily large enough to compen-
sate for any outflow that might oc-
cus. In practice, however, there are
constraints: Once the inflow limit
is reached it becomes necessary to
reverse the control mechanism and
regulate the outflow so that it does
not outstrip the available inflow ca-
pacity. With resistance-modwlated
outflow, the inflow capacity limits
the permissible size of the outflow
opening (Fig. 1.5a). With pressurc-
modulated oulflow, this capacity
limits the permissible level of the
suciion (Fig. 1.5b).

Controlled outflow systems im-
ply that inftow ceases when cutflow
is obstructed. If continuous flow is
required because the infusion must
petform functions in addition to
volume control {¢.g., cooling an ul-
trasonic vibrator or a coagulator),
it is essential to avoid total obstruc-
tion of outflow. This danger can be
eliminated by providing a second,
reserve outflow path in addition to
the controlled-outRow path (Fig.
1.56).%

1.1.3 Uncontrolled-Outflow
Systems

If the inflow capacity is not ade-
quate for a given outflow, the
chamber volume can no fonger be
pressure-modutated, This is the
case when there is a targe chamber
opening, whose lack of cutflow re-
sistance would require an inflow ca-
pacity of infinite size (Fig. 1.6a). In
a chamber that has no inflow sys-
tem, even the stightest leak will pro-
duce a stale of uncontrolled out-
flow (Fig. 1.6b).

5 Such as capsuletomies, iridotomics, and
synechiotomies,

¢ This is the case in phacesrulsification,
where a deliberate “leak™ is lefl in the
corneoscleral opening next 1o the irrigat-
ing tube (o ensure an uninterrupted flow
of cooling tiguid.

Uncontrolled-Ouitiow Systems 7

Fig. 1.4. No-ouiflew systems

a,b Primary no-outflow system: The high
outflow resistance is based on the size of
the ocuiflow opening. A seal is obtained
by adapting the opening o the instrument
dizmeder.

a An inflow line may be connccted 10 the
chamber to alter ils pressure {the initial
pressure Py, becomes the chamber pres-
sure).

b Il'_just_tha existling chamber pressure is
to be maintained, no infiow is required.

¢ Secandary no-cutflow system: The high
outllow resistance is based on the high
flow resislance of the chamber contents,
ie., the chamber is filled with a materia)
that cannol drain because of its high vis-
cosity

Fig. 1.5. Controlied-outflow systems

& Modulation of resistance: Outflow is
controlled by modulating the resistancs to
drainage through a leaking outflow ori-
fice. The necessary inflow capacity de-
pends on the size of the leak at the outltow
orifice, which should not be epenad Lo &
degree thal would outslrip that capacity.
The outflow pressure is consiant (atmo-
spherie pressura).

b Modulation of pressure: OQuiflow is
conirolled by a cannula whose junction
with the chamber is watedtight. The neces-
sary inflow capacity depends on the nega-
tive pressure {suction), which should not
be low enough 1o oulstrip that capacily.
The outflow resistance is constant (length
and caliber of aspiration cannula).

¢ Combined modulation of pressure and
resistance; The opening around the aspi-
ration cannula is not watertight. Conirol
is made more complex by parallel outftow
paths, which are pastly pressure-modulat-
ed and partly resistance-modulated. A
correspondingly large inflow capacity is
required, and a second inflow line may b
advantageous

Fig. 1.6. Uncontrolled-outRow systems

a When the cutflow resistance tends to-
ward zero, infinite inflow would be necdad
to pressurize the chamber.
b IF no inflow is supplied (P, /R;,=U),
even the slightest wound leak R, will al-
low unconirolled drainage
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1.1.4 Effect of External Forces
on Regutating Systems

The principle that a particular
chamber volume correlates with a
particular pressure and can be sfa-
bilized by maintaining that pressure
is valid only as long as the pressure
surrounding the chamber remains
unchanged. If the ambient pressure
rises, the pressure inside tl:lc
chamber must also tise by & certain
amount o maintain a constant vol-
ume.

It is not enough, then, to deler-
mine how effectively regulating sys-
tems can maintain a specified pres-
sure. We must also determine how
fhey behave in response to the ap-
plication of external forces.

In chambers whose shape de-
pends on pressure, the pressure i.n-
side the chamber will rise when its
wall is deformed (Fig. 1.7).7 1f out-
flow from the chamber is possible
(i.c., if the outflow resistance is fi-
nite), a portion of the chamber con-
tents will gradually discharge. The

Fig. 1.7. Response of space-tactical sys-
tems to external forces. When the pressure
in the chasbsr rises in response Lo exter-
nal forces, oulflow is increased until the
pressure reluens to the steady-state level
imposed by the regulaling -system (s}

Meanwhile the chamber is deformed, with
mazimum deformation oerurring in the
sleady state. The outflow rate (for a given
total elasticily) depends both on 1h§ Tevel
of the outfow resistance and on the inflow
resistanée

pressure will fall vntil it again
reaches the level imposed by .1]16
regulating  systenu This implies,
however, that the chamber has lost
some of its volume and has become
deformed.

The rate at which this loss occurs
is of practical importance. if the

The extreme case being a sphesical
chamber, where any deformatlon causes
2 volume change and even the slightest de-
formation raises the pressure {se¢ Fig.
1.41).

P el

volume loss is abrupy, the surgeon
has insufficient time to react. The
safest systems, then, are those in
which the pressure reacts very slow-
ly in response to external forces. ®
The critical factor in this regard
is the outflow resistance from the
chamber. The lower the resistance,
the more rapid the volume loss.
This loss is most rapid in an wucon-
trodled ontflow system, where an ap-
plied force causes immediate defor-
mation of the chamber. In a ne-out-
Slow system, on the other hand, the
force causes only a rise in pressure.
In a conirolled-outflow system the
rate of volume toss depends on the
openings that are available for out-
Aow. But in evaluating outflow, it
should be realized that a primary
inflow opening can become an out-
flow opening when the chamber
pressure rises. This means that low
inflow resistances are advantageous
in a controlled-outflow system only
when they serve 1o correct for pres-
sure fluctuations. They are disad-
vantageous under the aclion of ex-
ternal forces because they make the
system susceptible Lo volume loss.

® Byen when the globe is intact, external
forees cause the intraccular volume to
change, Bt aqueous drainage (hrough the
corneoscleral {rabeculum occurs against
such a high resistance that external defor-
mation is efMective only when sustainad for
along period (e.g., scleral buckling in reti-
nal detachment surgery).

1.1.5 Basic Safety Strategy
for Spatial Tactlcs

The dilemina in pressure-regulating
systems is that the maintenance of
a given pressure can ensure 4 con-
slant chamber volume oaly as long
as the environment is stable, but
that maintenance of the given pres-
stre means loss of volume from the
chamber as soon as external forces
are applied. Thus, if a system is
chosen that is extremely fast in re-
sponding to pressure changes, it
will also be very sensitive to exter-
nal forees. This is taken into ace
count in the basie spatial safety
strategy : Optimum spatial stabiliza-
tion is achieved by a conirol system
that maintains a constant pressure
by responding quickly o pressure
fluctuations within the chamber (in-
trinsic factors). The problem of sus-
ceptibility 1o external forces {ex-
trinsic factors) is solved by imple-
menting measures to protect the
chamber from the action of those
external forces.

In the chapters that follow we
shall describe first the space-tactical
instruments that can be used to
control intrinsic factors, and later
we shall consider means for pre-
venling  the  deformation  of
chambers by extrinsic factors.

I

Space-Tactical Instruments g

1.2 Space-Tactical
Instruments

Intraccular spaces can be main-
tained or expanded by the use of
substances which, when introduced
through a small access opening, can
occupy a large volume inside the
chamber, ie., implants that can be
mnjected through thin cannulas:

- watery implants, whose flow re-

sistance depends chiefly on exter-
nal friction, i.e., on the wall prop-
crties of the flow system;.

— viscous and viscoelastic implants,
which create resistance through
high internal friction; and

— ""membranous”’  implants  (bub-
bles), whose efficacy is based cn
surface tension.
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12,1 Watery Fluids
Properiics

Watery fuids have an extremely
high molecular mobility and ex-
tremely low internal resistance.
Even the slightest external force will
cause displacement of the fluid.

The initial and terminal pressures
of the fluid are determined- by the
pressure sources. In gravily systenms
they are deternined by the height
of the water column, which of
course is limited by available space,
Pumips can generate very high pres-
sures, which require vatves for their
control {Fig. 1.8).

The initial and terminal pressur¢s
are extreme values. They cannot be
used to calculate the pressure inside
the chamber (see Fig. 1.2). If there
is no precise regulating system, the
surgeon’s only option is (o rely on
“expericnce” for determining and
maintaining the desired chamber
pressure. But this experience is val-
id only for a wparticular system
whose parameters are strictly main-
tained. One has to be aware of dis-
turbing factors which alter pressures
and resistances in unforescen ways,
causing the actual chamber pres-
sure to deviate from empirical
values. The pressure, for example,
can be influenced by clastic phe-
nomena associated with the pres-
ence of air bubbles or the use of
soft elastic tubing. A change of
pressure in the system can cause
elastic energy to become stored and
subsequenily released, with corre-
sponding effects on the shape and
volume of the chamber (Fig. 1.9).
Flow resistances in the system ar¢
subject to Poiseuille’s faw.® This
* Poisenilie’s law: R:cl’;'}i
R =resistance
# =Muid viscosily
L =length of flow path
¢ =radius of lumen
The law apptics to ideal fluids. For real
fluids, 1he resistances increase by a signifi-
cantly greater amount when the radius is
decreased.

low high

stow fast

pressure

.4/

fast 4} s!owﬁ time

Fig. 1.8. Control of pump-driven Muld trans-
port systems. The pressure level is limited

by a valve and can be raised or lowered -

by adjusting the pressure dial. The specd

a b

Fig. 1.9. Effect of soft elaslic lubing on
pressare control

a When a particie bacomes ledged in the
cutflow cannula, the oulflow resistance
R.., rises precipitously. The pressure in the
chamber approaches the initial pressure
Poane and the chamber wall expands. The
pressure in the outflow tube falls, ap-
proaching P, ,. Bul when this pressure,
which is set by the valve, is reached the
walls of the tubing have contracted (there-
by storing lastic encrpy).

at which this pressure fevel is attained Jde-
pends on the delivery rate of the pump,
which is controlied by the velocity dial

b When the obsiruction is cleated, the
pressures would retumn 1o the presei Jovels
if the tubing were rigid. But wilh sofl elas-
tic 1ubing, the previously stored clastic en-
ergy is abruptly released and briefly aug-
menls the suclion, causing a precipilous,
unplanned pressure drop in the chamber.

¢ For reliable pressure stabilization, the
valve should be connected dicectly to the
chamber

Fig. i.10. Souices of increased resistance in
the fluld transport pxih

. Connector between fubing and drip

bl

Tig. 1.1, High- and low-resistance trans-
port systems

a High-resistance system: The tubing con-
nector (A) and the handle of the cannuta
have a2 smaller inside diameter than the
tubing itsell. Therefore, in this arrange-
meat the ends of the flexible tubes are not
expanded al their cornections with the ri-
gid fubes.

law states that resistance to fluid
flow through a tube is proportional
to the length of the tube and inver-
sely proportional to the fourth
power of its radius. Thus, doubling
the tength of the tube increases the
resistance two-fold, while halving
its radius increases the resistance

chamber

Clamp-type flow regulator 16-fold. It follows, then, that even
Tubing connectors ) stight reductions in cross-section
Redundant extension tubing will greatly reduce the volume rate
Cannula =

Kink in tubing of ﬂo_w. (Fig. 1.10). Unnecessary
Connectors and lumina of three-way  Sonstrictions should be avoided in

stopeock a fluid transport system, and if such

Watery Fluids 13

b Low-resistance systemi: The lumen re-
mains constant und unconstrivied as far
as the inlet of the cannula, Therefore, the
ends of the flexible tubes must expand al
1ha conneclions. The lwnen of the handle
should ba wide, but this is net appareat
from external inspection and must be
checked before the equipment is procured,
The cannula should be as short as possible
to decrease resistance

constrictions are necessary due to
space limitations (e.g., cannulas in-
seried into the eye), they should be
kept as  short as  possible
(Fig. 1.11).1

*9 Because compulational means are not
available for evalualing an optimally bal-
anced fluid transport syslem, the system
should be tesled beforehand on a phantom
chamber whose wall characteristics am
like those of the chamber to be protected.
In that way the response of the system
1o disturbances {e.g., obstruction of a tuba
and storage of elastic energy) can b tested
and optimally adjusted,
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Application of Watery Fluids

Watery fluids are distributed rapid-
ly to atl paris of the chamber, re-
gardless of their site of introduc-
tion. Thus, cannulas do not have
to be inserted deep into the
chamber, and the conditions at the
entry site are the only critical factor
from the standpoint of spatiak tac-
tics. 1t
Resistance parametess relating to
instrument geomelyy are not vari-
able and depend on cross-sectional
dimensipns: lumen and  external
shape (Figs. .12 and 1.13). The po-
" gltion of the cannula at the entry site
is variable, however. Raising or low-
ering the cannula reduces the out-
flow resistance, whereas swiveling
moverents of the cannufa in a later-

al direction increase it (Fig. 1.14).
Thus, these moveni¢nls are an m-
portant means by which the sur-
geon can regulate outflow resis-
tance. On the other hand, move-
ments of this kind can have signifi-
cant adverse effects when per-
formed inadvertently, especially
when they are unuoticed by the op+
erator. Monitoring of the canwmila
position ai the entry site, then, isthe
most important safety measure for
the application of watery fluids in
spatial tactics.

11 The direction of fluid flow is immaterial
from (he standpoint of spatial (acfics.
However, if the fuid stream is used (o
achieve tissue-tactical geals (mobilization
and transport of tissue paslicles), 1he posi-
lion of the canoula tip is critical. This is
discussed more Sullyin Figs. 2.18 and 2.23.

Fig. 1.12, Methods of sealing the access
opening with simple cannulas

a When a cannla with a sharply beveled
tip is thrust direcily through the tissue il
cceates an opening that conforins exactly
to the outside dijameter of the cannula.
1cakage does not occur,

b When a cylindrical cannuila is inserted
through a stab jncision, the cross-sections
of the <annula and incision ar¢ incen-
gruent, and thie opening around the can-
nuta is not walertight.

¢ A fattened cannula confonns better to
the incision and permits less jeakage.

d When a cannuta with a sharp bovet is
applied te the incision such that its entire
rim appeses snugly to the tissug, the in-
jected fluid will itsell open the incision,
and the opening will conform gxactly to
the cross-section of the slream, It remains
open only whils the stream is maintained,

{ and reflux capnot occuf,

Nofe: Whereas the cannula is parpendicu-
lar to the tissue sucface in 2, b and ¢ {inset
fop), he cannula in d s apptied at an angle
equal 1o the bevel angle of the tip (inset
botton)

R
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Fig. 1.13. Double cannulas for nfusion and
aspiration. Below the perspective drawings
ar¢ cross-sectional diagrams in which the
surfaces that eritically affect flow resis-
tance are shown in red. Inflow resislance
d_cpends chiefiy on the lumen of ihe infu-
sion cannula, white oulflow resistance de-
pends on both the fumen and external
shape of the aspirating cannula.

& Parallel arrangement: Both cannulas
arz cylindricat with equal ratios of lumen
1o surface area. The fotal external cross-
section of this arrangement is analogous
1o that in Fig. 1.12¢.

Fig. 1.14. Effect of canmula placement on
wound leak

Left: Perpendivalar movements of the
cannula,

a Overhead view.

b' Cross-seclion: When the cannula is pre-
ciscly on the wound plane, 1he degree of
lealg depends only on its external shape”
(as in Fig. 1.12b, ¢).

¢, d Yerticat movemients of the cannula in-

crease the leak, and outflow resistance

falls._ Blevating the cannula (¢} creates a

feld in the chamber wall above the open-

ing, The fald is visible when viewed from

abave, Lowering the cannula (d) makes a

fold below the opening, and the surgeon

_ is Jess fikely to perceive the danger of in-

ereased kak adjacent to the cannula.
Right: Horizontal movements of the can-

‘nula.

e Sllcwing movements of the dannula may
occlude thq? access opening and increase
outflow resistance

b Coaxial arrangement: Fluid is irfused
through the cuter tube and aspirated
through the inner tube. The surface area
bordering the stream in the euter tube is
twice that in  circular lJumen of equal di-
ameter, crealing a correspondingly high
infusion resislance. Hence, the diameter of
the oufer tube must be refatively large to
altow for an adequate infusion capacity,
thus accentuating the probtem of leakage
around the tubz (analogous to Fig. 1.12b).

¢ Coaxial arrangement with a seft outer
sheath: Since the compliant cuter tube
conforms te the wound canal, the lumen
can be enlarged without encountering the
leakage problemis in Fig. 1.12h 12

}z Due to their high inflow resistance, rig-
id coaxial cannulus require systems with
a high inflow pressure (pumps or syr-
:nge.§]. Solt coaxial cannulas, with their
%nw inflow resislance, are also suitable for
infusion systems with a low inflow pres-
sure (gravily systems).
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1.2.2 Viscous
and Viscoelastic Materials

Properties

Viscous and viscoelastic materials
are characterized by their high in-
ternal friction. While flow resis-
tance in watery fluids is determined
chiefly by the wall characieristics of
the perfused system (Fig. 1.15a), in

Fig- 1.15. Bebavior of floning watery,
vlscous, and viscorlastic subsiances at con-
stefetions

a Watery fluids: As the channel narrows,
the molecules speed up bicause equal vol-
unies of Muid must traverse all portions
of the channel per ugit time,

b Viscous fluid: The relationship ef the
degree of viscosily to the lumen of the con-
striction detenmines whelher or not the
[Tuid csn negatiate the constriction.

¢ Viscoclastic materials: The molecular
chuins deform when passing the constric-
tion, itnd flow resistance decreasas with in-
creasing Now due to molecular rearrange-
ment. Givea enough space, the molecules
will regain their original form

Fig. 1.16. Behavior of viscoelastic material
in a chamber deformed by an external
force: significance of the fime factor

a When the force is applied gradually, the
nnterial displays viscous properties initial-
ly. The oulflow resistance, defined by the
viscosity und 1he size af the outlet, deter-
mings whether any of the matenal will be
discharged.

viscous and viscoelastic materials it
is determined largely by the specific
rheologic properties of the material
itself.

The basic differcnce  between
viscous and viscoglastic materials is
that viscous mat@rials behave like
pure fluids and develop internal
forces only when their volume is
changed; shape changes have no
such effect, Wiscoelastic materials,
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on the other hand, develop internal
forces when their shape and/or vol.
ume is changed, so they also have
properties of solids.

In purely viscous materials*® the
resistance to flow is based on the
relationship between the degree of
viscosity and the lumen of the per-

13 Viscosily =shear stress per shear rate.

b With continued application of the force,
the material displays shear thinning as the
molecules rearrange and conform lo the
outlet. This lowers their outflow resis-
tance, and lhe material flows from the
chamber at an increasing rate.

¢ When a shorler-acting, viclent force is
applied, the material behaves as an elastic
body. The molecules deform without ecar-
ranging, and the force is stored locaily as
elastic cncrgy. Mo material escapes from
the chamber

fused channel (Fig. 1.15b). Flow
properties arc more complex in

* yiscoelastic materials'® in that the

resistance to flow changes when the
maierial is moved. As a model, we
can think of the materiaf as a tan-
pled mass of elastically deformable
molecular chains (Fig. 1.15¢). The
chains are deformed by the actien
of external Forces, and once the
forces are removed, the chains can
return to their original shape, This
process is time-dependent (Fig.
1.16}. If the force is applied violent-
1y, the molecules pack tightly to-
gether and then rebound. If the
force is applicd more slowly, the
molecules have time to rearrange.
As a result, viscosity decreases as
socn as flow commences, and the
material flows more readily (*shear
thinning"") (Figs. 1.17 and 1.18).
During phases in which the mate-
rial has viscous properties, the me-
chanical energy of friction is con-
veried to heat. In phases where the
material is in an elastic state, mg-
chanicat effects lead to the storage
of elastic energy. It is characteristic
of visceclastic materials that their
rheologic properties change contin-
ually during use, depending on the
speed (change from viscous to ¢las-
tic behavior) and duration of the
impact (change from a high-viscosi-
ty to low-viscosity state).'® The
usefilness of a substance for specif-
ic_surgical goals depends on the
shear rate at which_the _material
changes from one sate to another.

1% In a sirict sense all fluids from water
to gas are “*viscoelastic,” but Ihe size and
ratio of the viscous and elastic compo-
nents vary greaily, In surgical use the term
has come to denote viscous substances
whose elastic component is so large that
it can be used to achieve specific operative
goals.

15 “Fherefore viscosity data are of little
value as a basis for comparing diffezent
viscoelastic products, since the data are
valid only for a given tesling method.

T ]
Shear rale

Fig. 1.17. Viscosity and viscoelasticlty. De-
pendence of viscosily on shear rate (scale
in log log units). Substance 4 has a high
viscosity and substance £ a low viscosity.
Both are purely viscous, i.e., 1heir viscosity
remains constant with increasing shear
rate, But in substance €, which is viscos-
lastic, the viscosity changes with the shear
rate. The material is highly viscous at a
low shear rate and becomes increasingly
{luid as the shear rate increases. This prop-
erty is called shear thinning (“ pseadoplas-
ticily™)
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Viscosity
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Shear rale

Fig. 1.18, Dependence of shear thinning oo
mokecular structure and concentration. Vis-
cosity depends on the volume occupled by
the molecules in ihe flow channel (hydeo-
dynamic volume). Maximum viscosity (i.e.
at a low shear rate) is determined chiefly
by the shape and length of the molecules
{miolecular weight), ie., by the hydrody-
namic yolume of the undeformad molecu-
lar mass, Minimum viscosity depends on
the concentration of the molecules in sola-
tion, ie., on the number of optimally
aligned melecules per cross-seciion in the
ftow.

‘The curves represent iwo substances of
different molecular weights in the same
concentradion. At a low shear rate, the vis-
cosity of the high-molecular-weight sub-
stance s higher; at & high shear rate, both
subslances display nearly equal viscositics
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Criteria for the Setection
of Viscous or Viscoelastic Materials

For the ophthalmic swrgeon, vis-
cous and viscoelastic materials have
applications in surface lactics as
well as spatial tactics. 1 they are
to be used to maximum advantage,
it is necessary to take their different
physical properties into account
even though both types of material
may closely resemble each other in
the resting state.

Viscous fluids are best for appli-
cations in surfrce tactics, since they
form a ihick, uniform protective
coating when applicd to surfaces
(Fig. 1.19b). Viscoelastic materials
form “plugs” which retain their
shape well but protect only against
the action of perpendicular forces
(Fig. 1.19¢).

In spatial factics, viscous and
viscoelasiic materials are used to
create secondary no-outflow sys-
tems. In this application viscous im-
plants behave as fluids which, ow-
ing to their high outflow resistance,
can pressurize a chamber with
larger outflow openings than can
pure watery fuids (Fig. 1.19b).
Viscoelastic implants behave more
as solids and can be used in either
of two ways: to occupy a space
completely {** viseo-occupation™) or
simply to prevent outflow through
orifices (* visco-blockade™).

In visco-blockade (Fig. 1.20) the
material is used simply to occlude
and seal chamber outlets.’® This
prevents the drainage of fluid that
should remain in the chamber to
keep it pressurized. Visco-blockade
also serves to prevent the undesired

¥ig. 119, Comparlson of watery, Viscous,
and yiscoelastic substances.

Left: Applications in surface taclics.
Right: Applications in spatial tactics.

a Watery fluids: Because of their very low
viscosily, watery fluids are always applied
in a confinueus stream.

b Viscous substances flow evenly onto lis-
sue and implant surfaces to form a stable,
usiferm protective coating. En spatial 1ac-
tics, the cificacy of the substance (for a
given viscosily) depends on the size of the
drainage opering.

¢ Viscoelastic substances: A plug of
viscoelastic material  protects surfaces
from perpendicular forces () but is casily
displaced by shear (B} The efticacy of
viscoelastic materials in spatial tactics de-
pends little on the size of the drainage
opening, so they can converl acitlar
chambets and subeompartments into s<c-
ondary no-ouiflow systems that maintain
their integrity over a given Tangs of
stresses (see Fig, 1.1d¢)

LN

Fig. [.20. Visco-blockade

a Principle: The drainage opening is oc-
cluded with a plug of visceelastic material,
b Sample indication: Aqueous drainage
thyough an antiglaucomatous fistvla is
blocked with the object of keeping the
chamber formed in the carly postoperative
period. Aqueous circulation in the remain-
ing paris of the chamber is not affected

influx of extraneous malterial
(blood, lens cortex, vitreous) into
certain compartments of the eye.

In visco-pecupation (Fig. 1.21) the
size of the chamber oullet has vir-
tually no effect on the maintenance
of pressure, because volume lfoss is
resisted by forces within the visco-
elastic material itself (Fig. 1.19c)~
Hence a space can be stabilized
even in the presence of a large out-
flow opening. This is of particular
interest in the subcompartments of
the chambers, which cannot be ef-
fectively pressurized by any other
mgans.

The stabilization of spaces by
visco-oceupation differs from stabi-
lization by visco-blockade in the
r{teologic sitiration thai prevails in-
side the space. Visco-blockade does

1not alter the environment within

the chamber, whereas visca-occu-
pation replaces the physiologic mi-
fiew in the chamber with a viscoclas-
tic medium which retards the move-
ment of instrwments, implants, and

. mobile tissues. 17

Side-FEffects

The very propertjes that are advan-
tageaus when applied at the appro-
priate sitgs ¢in be disadvantageous
at other sites,

Visco-occupation of the wrong
compartment in the eye can obliter-
ate the portion of the intraocular
volume that ~would otherwise be
needed to expand the target com-
pariment, making it impossible to
achieve that expansion. Wisco-
blockade at the wrong sites can

“ponade)

I
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Fig. 1.21. Yisce-pceupation

a Principle: The entire chamber is filled
with viscoclastic material.

b Sample indication: During the removal
of a sharp-edged foreign body from the
posterior coraeal surface, visco-occupa-
tion protects the endotbiclivmn and lens
capsule by stabilizing the chamber. Addi-
ticnaily, the matecial stows the movement
of objects, making it casier te control the
foreign body during the exiraction

18 Purely viscous substances are nol well
seited for this purpose. A subslance
viscous enough o eflectively blockade a
wound {(that in Poiseuille’s formula has a
large r 2nd a small L) cannot be injected
through a cannula {that has a small r and
alarge L} untess it is pseudoplastic. Con-
versely, if a norspseudoplastic substance
can pass through an injection cannula, it
could ealy eoclude openings that ase even

_narrower and longer than the cannula.

t? The damping of movements (visco-lam-
is an imporiant protection
against inadvertent movements of instru-
ments and im:plants, But visce-tamponade
can aiso have disadvantages such as the
prevendion of sponfancous iris move-
ments. Further, it allows the transmission
of shear forces from instruments with fast-
moving parts (e.g., electrically powered
trephines, vibrating knifes) 1o adjacent fis-
sug (¢.g., corneal endothetivm). Visco-oc-
cupation can also prevent the uniferm dis-
iribution of drugs injected intraoperative-
iy (e-g., acclylcholing, alpka-<chymotryp-
sin}, making it necessary to fush the
viscoelastic matecial from the target area
before the drug is injected.
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Fig. 1.22. AppHcation of viscoelastic mate-
thal: avoldance of side-effects when lafect-
ing into the anterfor chamber through a
small opening. Comparison of injections
into an intact chamber (a, b} and a
chamber that has been drained (¢, ¢).

2, ¢ Injection techniques that lead 1o side-
efleets.

b, d Injection techniques that avoid side-
effects.

a If injection of the material is started at
the access opening, a visco-blackade is
formed. This prevents compensatory
aquecus discharge, the chamber pressure
riscs, and the chamber cannot be filled
wilh the matezial.

(e

b If the injection is started well past the
acvess opening, aqueaus can leak, and the
anteror chamber can be completely filled
with viscoelastic material,

¢ There is no problem of compensatory
aqueaus  discharge in an  evacuated
chamber. However, stacting the injection
opposite the opening may atlow some ma-
terial 1o get behind the ipsilatesal jris. This
occurs when the material presses the con-
tealaterzl jeis and lens downward, thus
widening the access to the ipsilateral re-
troiridal space.

d Starting {he injeciion just inside (he
opening pushes the ids onto the lens and
keeps the matedal from entering the ipsi-
tatecal retroiridal space. Additional depots
(2 10 5} are then placed about the circum-
ference of the iris until the whole pupillary
margin is blocked. At thal time the rest
of the anterior chamber may be filled.
Nofe: The two insets emphasize thal injec-
lion into an aqueous-containing chamber
{started opposite the access opening) is cx-
acily opposite to the procedurs used for
an empty chamber (where injection is
staricd at the opening)

“obliterate passages that should re-
“main clear in the context of the op-

crative goal. This underscores the

‘importance of placing viscoclastic

materials only at the sites where they

- are needed and leaving them in

place only as long as they are
needed.

Application

Theinjection technique differs from
that used for waiery fluids, because
the viscoelastic material must be
placed precisely at the target site
and nowhere else, In addition, the
technique should take into consid-
cration that the injection of visco-
clastic implants always produces
volume shifts in surrounding com-
partments. This leads to the follow-
ing rules for the placement of
viscoelastic materials:

— If compensatory volume shifts
are desired (Fig. 1.22b), the path-
ways through which the shifts oc-
cur should not be obstructed.

~ If compensatory shifls are not
desired, the corresponding path-
ways showld  be obstructed
(Figs. 1.224, 1.23b).

Removal of Visceelnstic Materials

The lecalized removal of viscoclas-
tic muaterial is difficult, Material is
most easily removed from a sub-
compartmenl if that subcompart-
ment has a compliant, compressible
wall {Fig. 1.24).

Viscous and Viscoelastic Materials
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Fig. 1.23. Applicailon of viscoelastic mate-

rials: avoldance of side-elfects following in-
tracapsubar lens extraction. Volume shifis
inside the chamber.

a Injécting into the pupil first can incite
compensatory vitecous prolapse through
the peripheral iridectomy. The prolapse,
clten unrecognized, may be injuzed by fur-
ther manzuvers in the anterior chamber.

19

b This is avoided by occluding the iridec-
tomy with viscoelastic material (#) before
injecting into the pupil (2)

Fig. 1.24, Selective removal of viscoetastic
mateddal from a subcompartment (here: the
redroiridal space). The antesior wail of the
space (i.e., the iris) is pressed inward with
a broad spatufa 1o eipel the viscoelastic
material.

Note: Depression of the iris is maintained
for a sufficient 1ime to allow expulsion of
the slow-flowing material,

a A large pupil provides an adequate out-
let for the expulsion.

b If the pupil is small, a sccond, more fa-
vorably posilioned oullet is created by iri-
dectomy
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Fig. 1,25. Fvacualion of an entite chamber
by irrigation with watery fuid

a Evacuation in bulk. Watery fluid in-
jected oppesite 1o the access opening i3
kepl inside the chamber by the viscoelastic
material (visco-blockade). When the in-
traocular pressure rises sufliciently, the
viscoelastic plug is expelléd abruptly in
one piece.

b Irrigation by dilution, The watery Quid
is injecled just inside the access opening.
The material there is diluted and progres-
sively removed with he isrigating sleeam

Fig. 1.26. Evacuation by aspieation

a Use of an infusion-aspiration cannula
allows concomitant replacement of the as-
pirated volume.

b Aspiration of viscoelastic material by
dilution. The infusion poct should be as
close to 1he aspiration port as possible
(i.c., at 1he tip of the cannula) so that the
dituted material is presented directly to the
aspiration pott.

¢ Aspiration in bulk. This technique re-
quifes an aspiration channel of largs cali-
ber due to the high Aow resistance of the
viscous material. The infusion and aspira-
tion ports should be well separated; other-
wise fluid of lower viscosity may be pre-
sented to the aspiration porl and hinder
the aspiration of more viscous malerial

-

H

Whole chambers can be evacuat-
ed by means of irrigation (Fig. 1.25)
or aspiration (Fig. 1.26). In both
procedures the material can be re-
moved either in bulk (Figs. 1.25a,
1.26¢} or by dilution (PFigs. £.25b,
1.26b).

In evacuation in bulk a large vol-
ume of material is extruded at one
time. Thus, a sufficiently large in-
flow capacity is needed to compen-
sale for the sudden velume loss.
Evacuntion by dilution is a more
gradual process in which a continu-
ous fluid stream is trained against
the material fo be evacuated. The
pressure in the chamber remains
relatively  constant, and the
chamber volume is easily con-
trolled. On the other hand, the of-
fect is not easily monitored since it
becomes increasingly difficult 1o
distinguish the diluted material
from the watery ambient fluid ms
the evacuation proceeds.

The slowest way to evacoate by
dilution is to leave the material in
the eye. Over time the material will
be gradually diluted by aqueous
and removed from the cye by natu-

Fig. 1.27, Development of surface tension
atinterfaces

a At a water/gas interface, the forces off
altraction among the water molecules can-
cel out within the water-filled volame. No

- such forces exist on the gas side of the

interfaco, so the water molecules closest
0 {he surface experience a net inward pull.

SIJ.AI. a waierfoll interface, molecular at-
:Aracijons in the walter are opposed by the

weaker) molecular atiractions in the oil.

urface fension is the result of opposing
©e vectors. It is weaker at the walerjfoil

niceface than at the water/gas interface

ral mechanisms. This option is ac-
ceptable when there is reason to
contintue the effect of the viscoelas-
tic material into the postoperative
period, '8

1.2.3 “Membranous® Tmplants
{Bubbles)

When substances that are imperme-
able to watery fluids are injected
inte the eye, they form bubbles
whose surface behaves like a mem-
brane with respect to its watery en-
vironment.

Properties

Bubbles are essentially artificial
pressure chambers, They are main-
tained by the surface tension pro-
duced by forces of attraction
among the molecules in the adja-
cent media (Fig. 1.27). For a given
composition of the bubble and the
ambicnt medium, the surface ten-
sion of the bubble is inversely pro-
portional to its size, Small bubbles
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have a higher tension than larger
bubbles, and smaller coalesce with
larger on contaci (Fig. 1.34c). The
largest *“bubble” is the atmosphere,
and when intraocular gas bubbles
come in contact with the open air,
they cotlapse.

'% Should evacuation of the materiaf be-
come necessaty fater (the main indication
being a postoperative rise of infraccular
pressure cavsed by visco-blockade of nalu-
ral pathways for aqueous drainage), it can
be released through a smalt keratotomy.
Small, valve-like keratotomics are opened
by depressing the lower wound margin
(see Figs. 1.1d4c and 5.22b). The pressur-
ized agueous will expel the residual visco-
elastic plug through the incision, where-
upen 1he valve will close spontaneously.




22 Spatial Tactics

To intraoperative spatial tactics
mainly the surface properties of
bubbles are relevant. Their contents
are significant only in the way of
determining the specific gravity of
the bubble.1?

The surlace tension gives bubbles

their spherical shape. Their ten-

dency to retain that shape under the
action of outside forces depends on
the level of the surface tension.

Omnce in place within the eye,
bubbles move and transmit forces
without direct intervention by the
surgeon. They do this under the ac-
tion of gravity, whose effect is based
on the difference between the spe-
cific gravities of the bubble contents
and the medium.

Gravitational forces are opposed
by friction, which is higher in bub-
bles injected into viscoelastic mate-
rial than in a watery milien, Ae-
cordingly, the surgeon can control
the behavior of the bubble by ap-
propriate selection of the bubble
contents and ambient fluid. He can
contrel the direction of bubble mo-
tion by using a light or heavy mate-
rial,2® and he can control the speed
of its motion by providing a watery
or viscous milieu.

The discussions that follow refer
essentially 1o compressible air bub-
bles, although the specific condi-
tions for incompressible silicone oil
can be inferred from them.

Thae stze of the bubble formed by
injecting a given volume of air de-
pends on the ambient pressure, Be-
cause air is compressible, a high
ambient pressure in the chamber
will result in smaller bubbles, and
the volume of the bubble wili
change with the pressure in the
chamber.?' The maximum attain-
able size in any given sitvation is
determined ultimately by the level
of intraocular pressure that can be
tolerated.

Tndications for Bubbles

Bubbles, like viscoelastic materials,
have two basic applications in spa-
tial tactics: outflow blockade and
space oceupation.

For outflow - blockade, bubbles
produce an occlusive seql of leaks
by virtue of their impermeability.
The integrity of the seal depends on
keeping the eye positioned so that
the site to be cccluded is uppermost
(Fig. £.28). “Further the bubble
must mainiain sufficient contact
with the margins of the opening
that is to be occluded. The larger
the bubble, the easier the blockade.

Fig. 1.28. Ouillew blockade with bubbles
a Principle: The outlet is placed in a posi-
tion where it will be eccluded by the bub-
ble, and it is maintained in that position.

b Example: Temporary blockade of aque-
ous drainage through an antiglaucoma-
tous {istula, analogous 1o the situation in
Fig. 1.20b. In contrast {o a viscoelastic
blockade, the efiect depends on how well
the peccssary uprighl position can be
maintained :

*® On the other hand the chemical compo-
sition of the bubble contents is relevant
to posteperative goals, for i1 determines
ihe duration of placement {absorption
time) and size progression of the hubble
in the postoperative period. Gases that are
soluble in blood are rapidly absorbed.
Bubbles composed of exogencus pases
(e.g., sulfur hexafluoride, perfluorocar-
bonsy in which the partial pressure of
blood gases is lower thaa in the environ-
ment tend to absorb oxygen, nitrogen, and
carbon dioxide. Thesefore bubbles of this
type expand ia the carly postoperative pe-
riod, and some time passes before the bub-
ble diminishes in size. By mixing aic and
gases foreipn to the bloed in appropriate
ways, the surgeon can have some control
over postoperalive bubble size. Bubbles
composed of silicone oil may relain their
original siz¢ indefinitely, though with pas-

sage of time they may bevome emulsified
by the “stirring " action of tissue iregular-
ilies in the occupied compariment (c.g.,
vitizous strands).

* Qases and light silicone oil are lighter
than aqueous, heavy silicone oils are
heavier.

! Paradoxicatly, a bubble may become
smaller as additional air is infected (there-
by raising ihe chamber pressure). If a bub-
blz is injected into a chamber that is under
high pressure, it will enlarge postopera-
tively as the intracculas pressure falls due
te natural aqueous drainage. This expan-
sife effiect is countered by the opposite and
simultaneous effect of bubble absorption.
It should be noted that the enlargement
in this case is nat due to the uptake of
bloed gases but relates to a fall of intra-
ocular pressure.

For space occupation, bubbles
can be used fo occupy and seal off
spaces that lack natural barriers
against the influx of extrancous lis-
sues and fluids (Fig. 1.29a).22 The
ambiend pressure will determine
whether mantpulations can be per-
formed within the occupied space.
If the vitreous pressure does not ex-
ceed atmospheric, the surgeon can

work in the occupied space while
the incision is held open. In this
case the air in the eye communi-
cates with the air outside, which oc-
cupies the portion of the chamber
that was previously evacuated
(Fig. 1.29¢). However, if the vilre-
ous pressure does exceed atmo-
spheric, the bubble must remain
pressurized. Its integrily as a pres-
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Fig. 1.29. Space occupation with a bubble
a A bubble complately filling a laege com-
partment keeps the space free of lissuc
parts and fluids. If the surgeon now at-
tempts to pass an instrument into the
chamber, epen air may come in coeatact
with the bubble surface, causing the bub-
ble to burst and collapse.

b When used te aid the removat of a for-
eign body from the anterior chamber, the
air bubble musi be positioned so that it
is isolated from the incision by a fluid
layer (F).** If the ayer is & watery fluid,
instruments designed for use in no-out-
Now systems shoutd be used because of
the low culflow resistance. If the layer is
a viseoelastic materia), bulkizr instruments
may be used.

€ Air enlering the anteddor chumber
through an open incision does not forn
a pressure chamber and is simply an exten-
sion of the outside envirenment. The pres-
ence of this air indicates that the vitreeus
pressure does not exceed zimospheric. As
there is no danger that air will be expelicd,
manipulations may be performed freely,
Inset: When the anterior chamber pressure
equals atmospherie, the presence or ab-
sence of a formed chamber depends not
on relative pressures but on the intrinsic
stiffness of the cornea. The sitvalions on
the left and right are identical in terms
of pressure

12 Example: When 1he anterior hyaloid
has been destroyed, an air bubbls can be
injected to define a space that is entirely
devoid of vitreous. The bubble surface
acls as an artificial hyaloid, enabling the
surgepn to develop an effeclive counter-
pressure in the anterior chambser to the
vilreous cavily.

By conlrast 1o viscoelastic materials
{Fig. 1.21), air is svitable for space occu-
pation enly # 1he glebe can be appropri-
ately rotated.

sure chamber can e maintained
during imanipulations only if instru-
menis are passed into it in a way
that keeps il separate from the out-
side air, This is done by keeping the
bubble surrounded by an adequate
fluid layer. The outflow resistance
of this fluid then limits the pressure
at which the bubble can still be
maintained.
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Side-Effects of Bubbles

During operations the major prob-
fem with bubbles is their poer reli-
ability as spatial stabilizers, If ma-
nipulations bring their surface into
contact with the open air, they rup-
ture. In this case their surface ten-
sion and extremely low outflow re-
sistance allow a large volume to es-
cape the chamber so rapidly that
collapse is inevitable; the lost air
cannot be replaced with an equal
fluid volume at the same speed.
Consequently, bubbles provide reli-
able space-iactical instruments only
in situations where they can be kept
isolated from the environment by
suitable positioning (Fig. 1.20b).

Fig. 1.30. Obstruction of aqueous circula-
tion by an air bubble

a With the patient in an upright position,
the bubble occludes the superior basal iri-
dectomy. The possibilily of aqueous circu-
lation through the pupil depends on the
pupil size.

B If the pupil is too sn:all, the basa iridec-
tomy ¢an ba uncovered by moving the pa-
{ient (o a supine position

Postoperatively, bubbles imay ob-
struet paths that should remain
open for aqueous drainage, causing
a rise of intraccular pressure, This
problem is avoided by repositioning
the globe (or the paticnt) as required
(Figs. 1.30 and 1.31). If the neces-
sary position cannot be maintained
around the clock, additional drain-
age openings can be created 1o
provide for adequate aquecus flow
drainage (Fig. £.32).

b

I
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Fig. 1.31. Obstruction of aqueous circula-
tion in the aphakic eye by an afr bubble
in the wrong compartment

a Air trapped behind the irs in an aphak-
ic eye blocks the pupil and obliterates the
anterior chamber.

Application of Bubbles

The technique of bubble injection
inio the eye affects the size of the
Bubble but does not determine its
site of action. The lalter depends on
the migratory tendency of the bub-
ble, i.e., on the position of the globe
(Fig. 1.33) and on the pattern of
flow resistances inside the chamber
(Fig. 1.34). Accordingly, the site of
dction of bubbles can be influenced
by repositioning the eye and elimi-
nating resistances, 24

The size of bubbles can be con-
trolled by the application tech-

- migque, at least within the limits im-

posed by the intraccular pres-
sute.®® The choice of the injection
ite allects the attainable size in the
sense that the bubble may collapse

H can reach the atmosphere at
the access opening (Fig. 1.33). The

location of the access opening has
no ¢ffect on bubble size only if the
opening is completely sealed around
the injection cannula (see Fig.
1.12a), or if the pressure in the
chamber does not exceed atmo-
spheric (see Fig. 1.29¢).

The infjection technigue influences

bubble size in that air injected lorei-

bly is likely to form multiple small
bubbles instead 5f a single large one
(Fig. 1.35a). A, lorge bubble is
formed by advancing the cannula
lo the center of the emerging bubble
and then inflating it gradually by
slow, steady pressure on  the
plunger (Fig. 1.35b, ¢}, Thus, in
contrast to the injection of watery
fluids, where the cannula remains
near the accéss opening, an air-in-
jecting cannula should be inserted
well into the chamber. The tip
should be placed initially at a site

B Moving the patient to tha prone posi-
tion removes the bubble from the iris and
restores cireulation through the pupi

Fig. 1.32. Obstvuctlon of aquecus circola-
tion in the aphakie, vitrectomized eye: vitre-
ous replacement with siticone oil

a A silicone bubble can obstnzct the pupil
in the aphakic eys. Aqueous collects be-
hind the iris, forcing 1he silicons el
through the pupil towards the comea.

b Aquecus circulation is restored by kri-
dectomy. The silicong bubble refurns 1o
a sphencal shape and remains behind the
pupil. The irfddectomy is placed inferiorly
for light silicene oil and superiorly for
heavy oil

where sullicient space is available
for the desired bubble size (this
does not coincide with the site of
action !} and then advanced into the
bubble itself.

24 Besides the problems shown in Fig. 1.34
associated with the presence of viscoclasiic
maferial in a watery mitieu, nonhomoge-
neities can result from the entry of vitreous
info the anterior chamber. This can lead
to the undesized spread of air bubbles into
the vitreous cavity.

2% 1f the bubble cannot atiain a sulficient
size at the tolerable intraocular pressure,
the only recourss is first to lower the pres-
sure by the dminage of chamber fluid,
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Fig. 1.33. Injection of bubbles Into a watery =

mllien

a If injection is attempted from a high
point, the air js in contact with the atmo-
sphere initially, and a bubble cannot be
formed — unless the chamber pressure dogs
not excead atmospheric,

b A bubble injected from a low point will
rise from there to the highest point, Air
can be injected until the bubble reaches
the access site, i, downward expansion
of the bubble is limited by the position
of the access opening

Fig. 1.34. Injection of bubbles nto & nontio-

mogenecns milicu (Irregutar distributioa of

watery and viscoelastic niaterfal)

a Air bubbles injected into a nonhomo-
geneous milieu follow paths of least resis-
fance. Passing along watery “iracks,”
they may become trappad behind the iris
or behind an imptant,

b Preparation of a homogeneous milieu
in the target area (here, below the corneal
apex). Undesired spread is prevented by
injecting walery fluid into the target area
to create a localized homogeneous milien.
© Air is then injected into the homage-
nized area

Fig. 1,36, Removal of bobbles: using buoy-
ancy to expel a Hghi silicone oil bubble
The globa is rotated unti§ the outlet is up-
permost. Fluid is infused at another site
to replace the lost volume and maintain
the chamber pressure

Fig. 1.35. Techaique of air bubble injection
a If the cannula tip is hefd statiopary
while injecting aiz, the bubble will detach
and rise a5 soon as it has sufficient buoy-
ancy, and multiple small bubbles will
form.

b To obtain a single large bubble, the can-
nula tip must bz advanced into the bubble
during the injection.

¢ The bubble will gradually expand as air
is injected %%

28 Note: A slow injection rate is essential.
Rapid injection may produce multiple
small bubbles, especially if the surcound-
ing aqueous contaias emulsifying proteins.
As stated caclier, smatl bubbles have a
higher surface tension, so 1hey requice
more engrgy for their production than
large bubbles,

~
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Removal of Bubbles

The simplest way of removing bub-
bles is to position the access open-
ing so that the bubble is expefled
by its own bueyancy (Fig. 1.36).
This method is excellent for silicone
oil bubbles, which, because of their
viscosity, move slowly and allow
ample time for volume replacement
with fluid to prevent ocular cot-
lapse. Gas bubbles are expelled too
rapidly for this type of volume re-
placement, and the suitability of
buoyancy expulsion for gas bubbles
depends on whether an abrupt vol-
ume loss of that size can be tolerat-
ed.

The needle aspiration of bubbles
can be more accurately con-
trolled. 27 If the opening of the can-
nula is held ctose o the bubble sur-
face, fiuid may be aspirated rather
than gas, The canmitla should be in-
serted to the center of the bubble
to ensure that its contents are aspir-
ated (Fig. 1.37¢). Small bubbles
that are displaced by the needle

““Membrancus™ Implants (Bubbles) 27

Fig. 1.37. Aspiration of zir bubbles

a Smatl air bubkles ace “caplured” by in-
jecting a second, conliguous bubble. (It is
paradoxical that the aspiration of air be-
gins with an injection!)

b The second bubble is enlarged by ad-
vancing the cannula tip to its center {see
Fig. 1.35¢). When the second bubble has
altained sufficient size, both bubbles will
coalesce.

¢ Jfinally the cannula is advanced to the
center of the single large bubble. The cun-
nufa should be kept at the center of the
bubble until the aspiration is completed

rather than penetrated because of
their high surface tension can be en-
gaged by injecting a large adjacent
bubble (Fig. 1.37a) and allowing
the bubbles to coalesce before as-
pirating (Fig. 1.37b).

21 Fhis technique may cause problems
with silicone oil bubbles because of their
high viscosity (see Fig. Li5h).
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1.3 The Field
of Spatial Tactics

1.3.1 The Pressure Chamber
of the Glahe

The globe of the eye is a sphere
{Fig. 1.38), so any force that de-
forms the globe will reduce its vol-
ume and raise its internal pressure
(see Fig. 1.41). Very high pressures
may be reached owing to the me-
chanical strength of the cornea and
sclera. In the operated eye, the at-
tainable pressure fevel depends on
the quality of the wound closure.

Because of the very high out-
flow resistance through natural
aqueous drainage pathways, some
time is required for an increased
pressure o retura ta its inétial Tevel
and for any volume loss to occur
(see Fig. 1.7). Acute forces do no
more than raise the intraocular
pressure, while forces of tonger du-
ration lead ultimately to deforma-
tion of the globe, 28

Fig. 1.38, The pressure chambers of the
eye. The pressure chamber of the overall
plobz is approximately spherical. The dia-
phragm subdivides it into two smaller
pressure chambers that are nonspherical.
Hesides anatomic factors, the position of
the diaphragm depends on the pressure
differentizl betwezn the two chanibers.
When the anterior chamber is breached,
the vitreous forms the only pressure
chamber, and vice versa

1.3.2 The Pressure Chamber
of the Viireous

When the anterior chamber is
opened and communicates freely
with the outside air (i.¢., anterior
chamber  pressure=atmospheric
prassure), the pressure chamber of
the vitreous humor remains. This
differs from the overall pressure
chamber of the globe in its shape
and wall stegngth. Because the vit-
reous pressure chamber is ot o
sphere, external forces will not nec-
essarily reduce its volume or raise
its pressure. The anterior wall of the
vitreous chamber, the diaphragin, is
thinner and more distensible than
the cornea and sclera, and it may
be weakened further in the course
of operative mancuvers.

The dizphragni consists of several
membranes arranged in seguential
layers (Fig. 1.39). If one of these
membranes is perforated during the
course of an eperation, it is no lon-
ger part of the pressure chamber, 2°
and the remaining walt is weak-
ened. The innermost layer of the di-
aphragm is the anterior hydloid
membrane. Guce this membrang is
breached, the vitreous ceases to
formt a pressure chamber {Fig.
£.39d).

The distensibility of the dia-
phragm makes it a useful guide for
evaluating the relative pressures in
the vitreous chamber and anterior
chamber, This forms the basis for
the semiology of the diaphragm

8 permanent deformalions like those pro-
duced in buckling retinal delachment op-
cralions cause a pressura rise immediately
afer 1he sutuges aee tightened, posing a
threat to blood circulation in the eye. [f
decompression by nataral drainage is too
slow, lower-resislance drainage must be
established by surgical means (e.g., pune-
ture of the anterior chamber).

¥ Note: The iris, being perforated by the
pupil, dees not actually contribute to the
anterior wall of the vitreous chamber,
However, ils opacily makes it an impor-
tant indicator of the behavior of ihe tvans-
parent membranes of the true diaphragm.

d

Fig. 1.39. The vitreous chamber: elfecis of
surgical measures on Eis anferlor wall {the
diaphragm)

a When the anterior chamber is opened,
the anterior wall of the vitreous is formed
by the featiculozonutar membrane, con-
sisting of the weak, distensible zonule and
the rigid, stable lens.

b When the anterior lens capsule is'

opened, the diaphragm consisis of the
zonulocapsular membrane, which con-
tains ne rigid parts.

¢ If the zenulocapsular membrane is
breached, 1he viircous chamber s
bounded only by the very delicate anterior
hyaloid membrane.

d With ruptuze of the anterior hyaloid,
the vitreous loses its containmeni and
cedses 10 exist as a pressure chamber

(Fig. 1.40). As long as the dia-
phragm remains in ils anatomic po-
sition, the pressure in the vitreous
chamber equals that in the anterior
chamber, Thus, when the anterior
chamber is opened, the diaphragm
will remain stationary only if the
vitreous pressure is zero (i.c., equal
to atmospheric). Anterior movenent
of the diaphragm signifies that the
vilreous pressure exceeds the pres-
sure it the anterior chamber. The
difference may result from negative
pressure in the anterior chamber
(capillary attraction of the dia-
phragm to the posterior corneal
surface), in which case the pressure
in the vitreous may still be low
(Fig. 1.40a).%° But if the difference
results from elevated pressuee in the
vitreous chamber, the surge of the
diaphragm is not fimited to the an-
terior chamber, and intraocular
contents may even be exteriorized
(Fig. 1.40¢},

Recession of the diaphragm signi-
fies a fall of pressure in the vitreous
space. If nat caused by surgical ma-
nipufation, a recession of the iris
should raise suspicion of a ruptured
anterior hyaloid with prolapse of
free vitreous into the anterior
chamber (Fig. 1.40¢).

Fig. 1.40. Semlology of the diaphragm. In-
dicators of vitceous pressure with an open
anterior chamber, .

a "Negalive pressure” prevails in the an.
ferior chamber when the diaphragm is
pulled forward by capiliary atraction.

The iris trabeculae are pressed fiat agatnst*~

the jnnes corneal surface, and their normal
cantour is obliterated.

b With a posilive pressure in 1he vitreous
chamber, 1he anterior chamber discharges
most of its contents, but the iris contour
s preserved, and some chamber volume
is retained at the pupil. irs flaltening as
1N & fs very unusuai in case of a non wler-
tight chamber, and a further dise in vitre-
©Ous pressure would most tikety produce

. the situatjon in ¢.

¢ Vitreous profapse: If the vitreaus pres-
sure becomes high enongh to.overcome

be claslic resistance of the cornea, 1he dia-

phragm will protrude outward through
the wound, -

a

b

d

Effect of Deforming Forces en the Pressure Chambers of Lhe Bye 2%

=N

)

d When the anterior thamber is repressur-
ized to a level maiching the vitreous pres-
sure (by effeetive wound closure and fluid
infusion), the diaphragm returns to fis an-
atomic position.

e A fall of vilreous pressure is tanifested
by recession of the diaphragm. This eccurs
when the pressuré chamber of the vitreous
is destroyed, and-signifies perforation of
the anterior hyaloid

£3.3 Effect of Deforming Forces
on the Pressure Chambers
of the Eye

Any deformation of the entire globe
will raise the intraocular pressure
(Fig. 1.41). Only the magnitude of
the applied forces is significant; the
site at which the forces are applied
is immaterial. But for the pressure
chamber of the vitreous, the site of
force application is an important
factor, Deformations above the dia-
phragm do not affect the vitreous
chamber or its pressure. Deforma-
tions at the level of attachment of
the diaphragin reduce its area and
relax the membranes, which then
may undergo significant displace-
ment or prolapse. 3! Deformations
below the attachment of the dia-
phragm do not change its area, and
the diaphragm remains tense. The
pressure in the chamber can rise
and stretch the membranes, possi-

*® Besides referral to morphologic signs
{Fig. 1.40a, b), negative pressure in the
anterior chamber can be differentiated
from a high vitreous pressure by placing
a few drops of walery Auid on the wound
margin. With a negalive pressure the fluid
will be sucked into the wound, and the
diaphragm will recede. With a high vitre-
ous pressure this will not oceur, and it is
necessary to repressurize the anterior
ckamber by effective wound closure so
that its inteznal pressure can again be in-
creased to the level of the vitreous pressure
(Fig. 1.40d).

** Itis prolapse is based on different mech-
anisms, since the ids Is not part of the
diaphragm {sce footnote 2%, p. 28). A pro-
lapsing iris first flattens against the wall
of the globe, for a time acting as a valve
and restoring the pressure chamber. A fur-
ther pressure sise will cause the izis (the
least stable pard of the wall) to bulge and
profrude ibrough the corneal opening (sce
also Fig. 7.3¢). Iris prolapse thus depends
on the pressure in the enlire globe, not
just in the vitreous chamber, and can be
praduced even by deformations above the
diaphragm.
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Fig. 1,41, Deformation of the plobe. A
sphere has the smaflest possible ratio of
surface area 1o volume. Any change in its

shape will reduce the volume. No matter -

where the deforming forces are applied,
the effect is the same (Pascal's law)

bly to the paint of prolapse or even
rupture {Fig. 1.42).32

Even in the breached vitreous
chamber, the ¢fects of a deforming
foree depend on its site of applica-
tion. Since the pressure in the vitre-
ous can no longer rise, the only ef-
fect of applied forces is to deform
the vitreous body. For a given vol-
ume displacement, the rise in the
fluid level is greatest when the de-
forming force is applicd at the level
of the vitreous face, thereby reduc-
ing its surface area (Fig. 1.43).

2 The two mechanisms of prolapse differ
furdamentally. The prelapse of Fig. 1.42b
is a purely anatomic displacement caused
by geometric factors al low pressure; the
membranes may remain intact and are re-
ducible when the cause has been removed.
The prolapse mechanism of Fig. [.42¢ is
caused by increased pressure, is associated
with stretching of the membranes, and
poses significant risk of membrane rup-
{ure,

Fig. 1.42, Delormalions of the vitreous
chamber. The effect of deforming forces
on the vitreous body depends on the site
ol application.

a Deformation of the globe anterior to
the diaphragm has na effect on the pres-
sure chamber.

b Deformations of the globe at the level
of the diaphragm relax the membranes
and can cause significant vitreous dis-
placement withoul raising the vitreous
pressure.

¢ Deformations posterior (o the dia-
phragm tense the membranes and raise the
vilreous pressure

Fig. 143, Beformation  effects in  the
breached pressure chamber of the vitreous.
Here too, 1he effect of the deforming force
depends on 1he site of the deformation.

a Deformations of the globe above the
vitregus face do not affect its level.

b Deformations ai the level of the vitreous
face reduce its surface area. The Muid face
rises markedly in relation to the displaced
volume, and prolapse vecurs.

¢ Deformaltions below the vitreous face
da not change its surface arca, so the fluid
face rises tess thanin b

1.34 Deformations Caused
by External Forces

Mechanisms

Bvery external force acting on the
globe has two effects: displacement
of the globe within the orbit and
deformation of the globe itselll
Which effect is predominant is a
matter of resistances. When there
is high resistance to ocular displace-
ment, an applied force wiil tend to
deform the globe rather than dis-
place it. Converscly, the globe will
undergo little or no deformation if
it is mobile enough to be pushed

. aside by an applied force, i.e., if its

passive mobility is high. The inward
mobflity of the globe is determined
chiefly by the resistance of the orbi-
tal cushion (Fig. 1.44a). Its outward
mobillty is limited by the vesistance

Deformations Caused by Bxternal Forces 31

of the extraocular muscles and of
any mechanical barriers such as lid
retractors, lense  eyelids, ele.
(Fig. 1.44b). Movements of ihe
globe about its center of rofation
meet minimal resistance because the
eye and orbit, much like a spheroi-
dal joint, are designed for maxi-
mum freedom of rotation (Fig.
1.44c).

External forces will deform the
globe only if its passive mobility is
restricted.3*  Unrestricted passive
mobility, then, offers the best pro-
tection against unplanned deforma-
tions of the globe. On the other
hand, excessive mobility is clearly
disadvantageous when it interferes
with planned surgical actions.
Thus, unrestricted passive mobility
is appropriate as a general safely
strategy for most of the operation,
but for specific manipulations it may

be necessary to suspend passive mo-
bility by temporary fixation of the
globe.

Tn the immobitized globe, the di-
rection of application of the force
vectors determines the effect on the
ocular pressure chambers. Maxi-
mum delormation is produced by
perpendicular vector components
and minimum deformation by san-
gential vector components {compo-
nents parakel o the ocular surface).
Thus, manipulations with perpen-
dicutar vectors are appropriate only
when deformatien of the globe is
intended (Pig. 1.45a). Otherwise
they should be strictly avoided and
replaced with techniques that in-
volve just the application of tangen-
tial forces (Fig. 1.45b)."

33 xamples: Passive ocular mobility may
be reduced by increased orbital resistance
due to infillration with anesthelic or
bloed, or by a high muscle tone.

Fig. 1.44, Factors Influencing the passive
mobillty of the globe

a The resistance 1o fiward movement of
the globe depends on the compliance of
the orbital coshion.

b Resistance to sutward movemen! of the
globe depends on the distensibility of the
ocular muscles and other adnexa.

¢ Movements of the globe about its center
of rotation encowrler minimal resistance
and actually are limited only in pathologic
states (e.g., abnormat muscle tension, ad-
nexal scarring)

Fig. 1.45. Effects of deforming loices on
the immobllized globe

a Perpendicular vector components {di-
rected toward the center of the globe)
cause maximal deformation of the ocular
chambers.

b Tangential veclor components {parailel
1o the ocular surface) cause minimal defor-
mation
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Fig. 1.46. Stabifization of the chambers by
corset systems

a Tetal protection can be achieved only
by the complete encasement of the eye -
obviously an impractical selutien.

b Partial corset systems protect againsi lo-
cally applied forces. But if the forces dis-
place the corset as a whole, the corsel sys-

Fig. [.47. Stabliization of the vitreous
chamber

a A ring fixed te the globe at the level
of the diaphragm attachment stabilizes
against deformations that causs he grea-
test shifts of intraocular tissue (see also
Figs. .42, 1.43).

b i€ the ring is attached at the inserlions
of 1he exlraccular muscles, the fores of
Lhe muscles is disteibuted over a larger and
more siable area, so their deforming ac-
tion is redaced

a

Fig. 1.45. Protection of the equatorial zone

a Tndentation of the equatarial region by
cantraciion of 1he extraocular muscles.

tean itsell can be a source of deformation,
the effect depending on the width of the
system.

¢ Maximum reduction of the sysiem
widih leads to a simple stabilizing ring.

b

b The equator is protected by placement

of a second ring.

¢ Specially configured rings for local use
protect specifie areas from deformation
(2.g., the margins of excisions) but do not
protect entire chambers. As static fixation
instruments, their application lies more in
the amea of tissue taciics 1han spatial tac-
tics

c

¢ In a simpler system having the same ef-
fective width {analogous to Fig. 1.46b),
the primary ring carres oulrigger exlen-
sions Ihat stip beneath the muscle inser-

tions

Protection from External
Deformiug Forces

External corset systems suilable for
praclical use are always a compro-
mise {Fig. 1.46)}. In principle, sys-
teis with a large contact area
would be most effective in protect-
ing the eye from compression?*,
but a large contact area is potential-
Iy destructive when forces become
large endugh to displace the entire
corset (Fij. 1.46b). Reducing the
confact area to a minimum leads
to a simple ring configuration,

Stabilizing rings are most effec-
tive when they are used to profteci
the areas whose deformation would
be most hazardous from the forces
most likely to cause such defoema-
tions. Rings attached at miscwlar
insertions accomplish both goals.
‘They reduce the pressure caused by
unforeseen muscular tension (Fig.
1.47b) while also stabilizing the
areca of attachment of the dia-
phragm, whose deformation is
known to cause the greatest clinical
problems (Fig. 1.47a).

Of course such rings cannol pre-
vent indentation of the globe by the
eye muscles at the equator, where
the ocular diameter exceeds the ring
diameter. A second stabilizing ring
would be needed to prevent equato-
rial compression by muscle tension
(Fig. 1.48).%% .

Internal stabilization can be ac-
complished with viscoelastic mate-
rials, which offer resistance to de-
forming forces by virtue of their ™
elasticity.

** Pressure=force per unit surface area.

3% The risk-4o-benefit ratio of a two-ring
system is noi very favorable, since defor-
malions in the equatorial region produce
a relatively minor effect (see Fig. §.42¢)
that can be managed with an appropriate
margin of deformation {g.v.). Conversely,
a two ring system, espevially with con-
nealed rings, behaves like the partiat corset

i Fig. 1.46b,

138 Deformation by Hinge Folds

Fhe mechanism for opening a flap-
shaped incision involves rotation of
the flap about an axis connecting
the ends of the incision (Fig. 1.49).
This rotation produces a hinge fold,
which can deform the vitreous
chamber (Fig. 1.53).

The formation of a fold on a
sphere is associated with complex
tissue  displacements  (Fig. 1.50).
‘The most important of these effects
can be characterized as **intramural
alignment” and “extramural align-
ment.”’

N
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Fig. 1.49. Formalion of a hinge fold. Any
incision that does not follow the path of
a great civele produces a flap that tan be
elevated to open the wound. The {lap ro-
1aics on an imaginary ‘“hinge axis® (4)
connecling (he ends of the incision. If 1he
Nap is tumed upward, the domed ocular
surface along the hinge axis bevomes ftat-
tened, and a fold is produced

Fig. 1.50. Analysls of fold formation.
When a flap is raised, the axis of rotation
musi be straight even though Lhe ocular
wall is spherical. Ta form the axis, all paris
of the ocular wall lying above the straight
line connecling the ends of 1he incision
must move onto 1hat steaight line (the im-
aginary hinge axis). Any change in the
spherical contour of the globe has far-
reaching effects. The most iimportant of
these effects occur on the vertical plane
{F) through the axis (ends of the ITap-
shaped wound). This plane is indicated in
subsequent figures, which illusirate the
surgically relevant changes in detail
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Intramural atignment refers to the
rofation of the swound surfaces in the
direction of the hinge as the flap
is raised (Fig. 1.51). This rotation
is accompanicd by stretching and
compression of the tissues encom-
passed by the incision, setting up
a resistance whose magnitude de-
pends on the angle between the
wound surface and the hinge line.

Extramural alignment is the fiaf-
tening of the ocular dome that oc-
curs over the hinge axis. This causes
the ends of the wound to move
apart, the degree of separation’de-
pending on the height on the dome
above the hinge axis (Fig. 1.52). It
this diverging effect is opposed by
a high resistance {due, for example,
1o the stiffening of the tissue during
intramaral alignment), raising the
Rap will cause an inversion of the
ecular dome with a correspondingly
greater mass effect upon the vitre-
ous (Fig. 1.52d).

The eflects of a hinge fold on vit-
reous pressure depend on the posi-
tfon of the hinge fold relative to the
vitrcous chamber, With corneal
folds, the anterior chamber pro-
vides a ceitain spatial reserve, and
the position of the hinge axis in re-
lation to the diaphragm will deter-
mine whether a danger is posed Lo
the vitreous (Fig. 1.53).3% Seferal
flaps always affect the vitreous
chamber, and even the stightest in-
folding will elevate the vitreous
pressure.

The problems of hinge folds can
be reduced by an appropriate inci-
sion technique. Thus, insranmral
alignment is influenced by the pro-
file of the incision, which can be
modified so that the primary angle
betwveen the wound surface and
hinge line is zero (Fig. 1.51b, d).
Extramnral afignment is influenced
by the shape of the flap, which can
be tailored to minimize the height
of the ocular dome (Figs. £.54,
1.53).

Fig. 1.51. Intramural alipnment

2 The wound surfaces form the angle «
with the hinge axis. On clevation of the
flap, the wound surfaces rotate ihrough
this angle as.they align onto the plane of
the hinge axis.

b If the wound suzfaces lie initially on one
plane, a is zero. The surfaces are not twis-
ted as the flap is raised, and there is mini-
mal resistance 1o hinge formation. 37

¢ In otber types of incision « is greater
than zero. 8 .

d When these incisions are opened as
flaps, the ends of the wound twist until
they are on a straight line. Resistance ta
this torsion is eliminated by giving the
wound surfaces the shape that would re-
sult from the twisting action, i.e., by cut-
ting the ends so that they lic on the hinge
axis primarily (see Fig. 5.55¢)

)

0
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*¢ With a shallow anterior chamber, rais-
ing a flap causes an immediate rise of vit-
reous pressure. Even the initial attempt to
raisz the flap may incite vitreous prolapse.
37 For example: keratome snd calaract
kuife incisions have surfaces that lie pri-
marily on the hinge Line (sec p. 164-168).
3* Arbitrary angles can ba made when cut-
ting with scissors.

Fig. 1.52. Extramurzl alignment

a Decause an arc is longer thaa its tendon,
the lateral ends of the wound mus| sepa-
rate as the domed wall flattens. The exteat
of 1his separation (£) depsnds on the
height of the dome (/) above the hinge
axis.

b #H is small in short flap incisions, so lat-
eral separation is slight.

¢ I is large in long incisions, so there is
greater lateral divergence of the wound
ends.

d If this divergence is opposed by a high
resistance (R), the dome will bow inward,
and hinge formation will have a greater
compressive  effect  on  the  vitreous
chamber

LT
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Fig. 1.54, Reducing the dome helght aver
the *“hinge™ by dividing the flap info seg-
nents, Dividing a sclesal flap into multiple
subsegments shortens the distance be-
tween the wound ends for each sepment.
The dome heighis over the subsegments
ara smaller than over the complete flap.
A Hinge of entire flap, B axes of its sub:
segments

Fig. 1.55, Reducing the dome helght by

1.54

« ging ihe ends of the fnclsion. I the
base of a scleral flap is made narrower
than its free border, the hinge ling is short-
ened as the disseclion proceeds, and the
depth of the fold is decreased

Deformation by Hinge Folds is

Fig. 1.53. Effects of hinge-fold formation
on the vitreous chamber. Ef the diaphragm
is above the imaginary hinge axis, it will
be pressed downward as the hinge forms,
and the viteeous pressure will rise
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1.3.6 Nargin of Deformation

Obviously the plobe cannot be to-
tally protected from the effects of
deforming forces. Yet clinical expe-
rience shows that not every defor-
mation does jeopardize the surgical
goal. Some degree of deformation
can be tolorated in cach phase of
“the operation, and this degree,
which can be defined and quanti-
fied, is called the nargin of deforma-
tion. W determines the necessary
precision of surgical manipulations.
The margin of deformation that
. is available in a given case depends
on the surgical goal. If the pressure
"\ chamber is intact {e.g., i the globe
has not been punciured or incised}),
the margin of deformation is deter-
mined by the pressure that the ocu-
lar wall can withstand. If the
chamber is open, the margin of de-
formation equals the volume of ma-
terial that may escape from the eye
without compromising the surgical
goal. If any volume loss is unaccept-
able, the margin of deformation is
zero. If the loss of aqueous is accept-
able, the margin of deformation
equals the volume of the anterior
chamber. If removal of the lens is
also proposed, the margin of defor-
mation is increased by the lens vol-
ume. Finally, if vitreous loss is also
compatible with the surgical goal,
the margin of deformation cquals
almost the entire volume of the
globe (Fig. 1.56).

A large margin of deformafion is
an important safety factor and
gives the surgeon great freedom in
selecting a procedure, On the other
hand, a swmall margin of deforma-
tion limits surgical options, for it
excludes any procedure that would
deform the globe to an unaccept-
abte degree. Increasing the margin
of deformation, then, is an impor-
tant aspect of safely strategy in
ophthalmic operations. There are
two ways of increasing the margin
of deformation for the pressure
chamber of the entire globet One is

Fig. 1.56. Margin of deformation

a 1f the goal is {o preserve the tolal intra-
ocular votume, no loss of Auid or tissue
is acceptable, and the margin of deflorma-
tion i zero. The force that the glebs can
tolerate is determined by the pressure that
{he wound clesurc can withstand.

b [f the goal is to preserve the vitreous
chamber, aqueous loss is acceptable, so
the margin of deformation equals the vol-
ume of the anterior chambgr.

¢ If the goal is Lo preserve the vilreous
chamber, and lens extraction is proposed,
the margin of deformation Is increased by
the volume of the lens.

d If vitreous loss is acceptable, the margin
of deformation equals practically the
whole intraocular volume

to increase the strength of the ocu-
lar watl by providing a more secure
wound closure that will withstand
a higher pressure. Another way is
to lower the intraccular pressure so
that a greater volume displacement
would be needed to produce a criti-
cal rise in pressure. This can be ac-
complished by reducing the produg-
tion of aqueous?®® or by reducing
the volume of vitreous, *°

If the globe is opened and it is
necessary {o preserve the inlegrity
of the vitreous chamber, there is
only one way 1o increase the margin
of deformation: by reducing the vit-
reaus volwme. The reduction of
aqueous secretion is of no value in
this situation.

One point cannot be overempha-
sized: The margin of deformation is
not a static quantity. It changes con-
tinwally during the course of an op-
eration. All planned manipulations
that have deforming vector compo-
nents (see Fig. 1.45a) as well as all
unplanned deformations consume a
portion of the original safety mar-
gin. As a result, the tolerance to de-
formations may decrease as the ap-
eration proceeds.

39 Exampl;?—C'arboanh)'drase inkibitors.
49 Bxample: Osmotically active substances,
ocupression,

R S R

The surgeon, then, niust closely
monitor the available margin of de-
formation throughout the opera-
tion, It is the measure by which he
must plan the precedure, and it tells
him when he must switch to tech-
niques that cause less deformation,
A sudden decrease in the margin of
deformation*' is an important
warning sign. If it is caused by the
surgical measures themselves, the
reiredy is to change at once to tech-
niques that have less deforming vec-
tor components. *? If a sudden de-
crease in the margin of deformation
cannot be ascribed to surgical ma-
nipulations, it must result from oc-
cult deforming forces that must be
immediately identified and brought
under control, **

[
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tions, for they lead to inadvertent
tissug expulsions (e.g., iris or vitre-
ous prolapse). The goal of the safe-
ty strategy is to protect the intrao-
cular compartments from the ef-
fects of unplanned forces.

The immediate goal of protective
measures is to eliminate from the
outset forces that cause unintended
defermations of the ocular cham-
bers (prevention), Therefore, the
first step to sale surgery is the care-

1 ful preparation of the operative field
“{sce Chap. 3). During the opera-
tion, planned forces are applied in
ways that cause minimal deforma-
tion, 1.e. positioning moventents are
performed about the center of rota-
tion of the globe (Fig. 1.44c¢), and

| working movements are applied tan-

+ gentially (Fig, 1.45b). Deformation

1.3.7 Summary of Safety Stralepy
for External Forces

Deformations by external forces
can be utilized to achicve specific
goals, i.e., pressures can be raised
to eftect the defiberate expression of
tissues (e.g., the lens or its nucleus).
Unintended deformations, however,
are a major source of complica-

by hinge folds is prevenied by em-
ploying techniques that do not re-
quire the elevation of flaps or, if
a flap must be raised, the incision
is tailored in a way that prevents
excessive infolding or inversion of
the ccular wall (see Fig. 1.51d,
1.54, 1.55).

Because total prevention is im-
possible, defensive measures are im-
plemented to resist -the deforming

forces and protect the chambers
from their effects. The ocular walt
may be reinforced externally by at-
taching a corset system or internatly

/by the introduction of wisceelastic
material,

Because atl these measures are of
limited efficacy, every atlempt Is
made to increase the tolerance of the
chambers to deformations. A large
‘margin of deformation is the most
important safety factor that can be
provided. Preoperative measures
that reduce the pressure or volume
of the vitreous establish the baseline
margin of deformation. The intra-
aperative safety strategy is to stay
within these established limits by
avoiding any deformations that are
not essential to accomplishing the
surgical goal.

*! Bvidenced, for example, by a rise of in-
traocular pressure or vilreous pressure
(i.e., forward movement of the diaphragm,
see Fig. 1.40b).

*2 B¢, instrumenting parall] to the ocu-
lar surface rather than perpendicular 10
it, aveiding technigues that causs expres-
sion.

3 R.g., the contraction of extraocular
muscles, choroidal hemorrhage (“expul-
sive hemerchage™).




2 'Tissue Tactics

Whereas spatial tactics involve the
application of pressure and resis-
tance to control spatial volumes,
tissue faclics are concerned with the
application of forces to displace; di-

vide, and wnite Iissues. For atrau-.

matie tissue manipulations such as
grasping, it is desirable for the
forces te be applied over the Fargest
area possible, as determined by an-
atomic constraints. For procedures
that create lesions in tissues, such
as sectioning, the forces should be
applied over the smallest area possi-
ble.?

In practice it is rarely possible to
apply forces in such a way that all
the resuliant vectors act exchusively

in the desired direction. Besides
these “intended vectors,” surgical
instruments always produce " wnin-
tended vectors” that displace or de-

form tissues. These side-effects can”

alter the direction of applied surgi-
cal forces in such a way that the
result is inconsistent with the sur-
geon’s intent.

The effects and side-effects of an
instrument may be referred fo as its
Junctional characteristics. They de-
termine the optimum mode of ap-
plication of the instrument, Tn addi-
tion, every tissue has its own me-
chanical characteristics (homogenei-
ty, elasticity, cohesion, cte.) which
call for a specific mods of applica-

tion of surgical instruments, The in-
teraction of instrament characteris-
tics and tissue characteristics forms
the central theme of general tissue
tactics. Analysis of this interaction
discloses techniques for the opti-
mum utilization of instruments in
any given situation, or at least for
the most satisfactory compromise it
E? oplimum solution is not possi-
c.

* The critical parameter is pressure, which
for a given force is inversely proportionat
to area.

2.1 The AppHcation
of Mechanical Energy

Mechanical forces are vector quan-
tities which have magnitude and di-
rection. The amount, or magnitude,
of the force that can be transmitted
to tissues is limited by the *“stabili-
ty* of the instrument used. If in-
creasing force is applied to an in-
strument that is not sufficiently re-
sistant to deformation (i.e., less re-
sistani than the tissue), the force
will deform the instrument rather
than exert the intended effect on the
tissue, and the instroment will de-
viate from the desired direction. To
“transmil his will to the tissue,”
then, the surgeon should always se-
lect the most stable instrument that
anatomic conditions will permit.?

As a general rule, forces that are
not to interfere with each other
should be applied independently.
They may be applied at different
times (“temporal separation’),?
or, if several vectors are applied si-
muttaneously, their mutual interfer-
ence can be minimized by applying
them at right angles to one another
(“*spatial separation”). The rule of
vector separafion should be incor-
porated inlo instrument designs so
that the actual working motion of
the instrument can be separated
from subsidiary motions, and these
in turn from the guiding motion
through tissues (Fig. 2.1).

Fig. 2.1. Rule of vector separation, itlus-
trated for a needleholder. The working
vector A of the neadleholder {grasping the
needle) is perpendicular to the direclion
of needlz guidance (B). Perpendicular 1o
both is vector C {motion of the slids
catch), arranged so that il will not inter-
fere with instrument operation
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2.1.1 ¥andles

The haadle transmits forces from
the fingers to the working end of
the instrument, so it critically af-
fects the precision with which the
surgeon can “transmit his will to
the tissue.” Criteria for selecting
the eptimum hadle for a given in-
strument are the type of feedback
sysleni and the spatial tactics that
the surgeon wishes to employ.

With tactile feedback, the handle
not only serves as a medium for
transmitting manual forces (out-
put) but also conveys information
on fissue resistance back to the op-
crator (input). The surgeon uses
this information to regulate the
forces he transmits to the tissue.

His assessment is based on an
evaluation of the instrument posi-
tion and the changes in that posi-
tion. This process is aided by a han-
dle design which yields unambig-
uous factile and proprioceptive
feedback when the instrinment posi-
tion is changed (Fig. 2.2).

2 This contradicls the common belief thai
fing instruments are superior to more
heavy-duly instruments because of their
smaller dimensions. I suturing, for exam-
ple, a tissue-holding forceps thut is too
small wiil not offer sufficient resistance o
the advancing needle and will bend; the
tissue is deformed, causing the needle to
deviate frem the intended path.

3 Bxamples: 1) Separate the working and
puiding motions when cutling  with
scissers: Do not advance or swivel the
seissors while closing the blades (cutling),
do nof close the blades while advancing.
2} Scparate the guiding and conirol mo-
tions in intrascleral lJamellar cutling or su-
turing: The contcol motion is the lifting
of the instrument lip {needle o5 koife tip)
buried within the scleral tissue so that its
position can be visualized. Do not lift
white cutting, and do net advance the cul-
ting instrument while lilting.
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Fig. 2.2. Stabilizing forceps handle

a Tactile sensation is enhanced by placing
minimal weight and tension on the finger-
tips.* This is accomplished by he follow-
ing design features:

A Long handle: The weight of the instru-
ment is borne by the metacarpus, leaving
the fingertips fiee to guide the working
end. The handle is supported at three
poiats, making it easicr to judge its posi-
Lion in space.

B Wide fingsr geips: Result in minimal
finger pressure for a given foree.

C Large blade opening: The increasiog
tension during closure of tha spring handte
is distributed over a long distance and
therefore places minimal stress on the
Tingerdips.

AR

b Proprim:epli\'lc feedbaclk is greater when
motion at numerous joints is needed to
reditect the handle, This is accomplished
by the wide, fiat grips, which require mo-
{ion af the interphalangeal joints, metacar-
popha[angeal joints, and wrist (rotalion
and supination of the forcarm). The sche-
matic cross-seciion through the fingers
and grips shows that rotation of the han-
dle requires rotation of the fingers about
the central axis of the instrument (red

point)

¥

o)
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Fig. 2.3. Versatite forceps handle

a The short blade fength (4) and narrow
grips (B) provide increased mability. The
small blade opening (C) puts a greater
load on the fingers but fagilitates visual
monitoring through 1he microscops.

b The Anger grips are rounded so that the
handle can be rotated about its axis with
a slight metion of the fingertips. The wrist
ijs not moved. The schematic diagram
shows that simple mations of the fingers
in ppposite direclions are sufficient 1o 10-
tate the forceps

+ Sensilivily =8)/J according to the We-
ber-Ecchner law (I Intensity of stimutus).

:
!
i
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Visual feedback does not rely on

sensory input from the handle,
Handles that can change their

working direction with a minimum
of motion and effort are suitable
when visual feedback is employed.
‘This design is advantageous in that
the hand may rest on a support
while only the fingers operate the
handle, The small dimensions and
short travel of the instrument fa-

(cilitate monitoring in the small

ficld of the operating nucmscopc

{Fig. 2.3).

Handles that reqmr;: greater

finger and wrist motion to change

their position are suitable for sta- .
tionary use such as fixation (Fig.

2.2}, Handles that can be controlled

with minimal finger motion are

more versatile ahd facilitate guid-

ance movements that involve direc-

tion chanpes.

When selecling the handle shape
for a pacticular space-tactical sys-
tem, it must be considered whether
the handle néeds to seal the access
opening. A np-outflow system re-
quires an extremely cflective seal,
and the system stands or falls with
the design (and mode of guidance)
of the handle. Handles with a coni-
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Fig. 2.4. Handles for ro-flow systems (ilius-

traled here for a cystitome)

a_Conical handle: Water tightaess im-
o e js advanced, but wilh-

L e Iy onical
handles seat the wound only dunng inser-
fien (arrow 1) and laleml swiveling move-

menis {arraw 2). There is oné dilemma as-
“seciated with ihe vse of condcal handles:
If the width of the handle just behind the
blade equals that of fhe culting edge (and
sherefore that of the incision), the instru-

“pent cannot he passed decply into the

chamber. But if the handie width equals
the inciston width at a site facther back
on ihe handle {peint 4 in the figure),
wound leak can occne untit the instrument
has been inserted to that peini. The prob-
lem of wound leak in this interoediate
phase can be mitigated by advancing the
cystitome very rapidiy.

b Cylindeical headles seal the incision
even as the instrument is withdrawn (ar-
row 3), provided the cross-section of the
handle equals that of the blade. This
places very high demands on the manufac-
ture of the instrument, because the cross-
section of the blade is difficult to define,
and the handle must be custom-tosled to
malch it precisely

Fig. 2.5. Infusfen handle for controlled-flow
systems. The handle is hollow and serves
as an infusien channgl. Fine instruments
have a narrow fumen. Therefore, the in-
flow resistance is high and a high inflow
pressure is needed (pump, sysinge)

cal stem produce an effective seal
while they are advanced, but the

“slightest withdrawal will comprom-

ise the seal and allow aqueous leak
(Fig. 2.4a). This problem doees not
exist with cplindrical handles, which
may be freely advanced and with-
drawn (Fig. 2.4b), In systems that
incarporate  fluid  inflow  (con-
trolled-outflow systems and no-
outflow syslems with infusion),
handtes may be designed as hollow
tibes to provide an access channel
for the infusion (Fig. 2.5).
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Fig. 2.6. Guidznce and working motfons for
stmple bandles. Left: With a straight han-
dle, rotation of the blade requires an iden-
tical rotation of the handle, Righ!: With
an angulated handie, the blade is rotated
by a swiveling izction of the handle whose
amplitude dzpends on 1he angle «

Another technical criterion for
the design of handles is the relation
of the working motion to guidance
motions. In one-piece handles the
working and guidance motions are
performed in the same direction,
the amplitude of the motion de-
pending on the angle between the
handle and the working end
(Fig. 2.6). In two-picce handles the
working and guidance motions act
in different directions. While both
parls of the instrument are guided
in the same direction, the working
molion consists of two counter
movements about a connecting
joint or axis. Force transmission
from the handle to the working end
(jaws) is a matter of leverage and
depends on the relative lengths of
the handle and jaws. The precision
of the force trunsmission depends
on the quality of the joint. Thus,
the shorter the jaw length in rela-
tion to the handle, the higher the
transmitted force and the greater
the necessary” stability of the joint
(Fig. 2.7). If larger forces are ap-
plied to the instrument than its con-
struction provides for, its compo-
nents will bend, and the jaws will

Fig. 2.7. Force transmisslon and stabiliza-
tion in two-plece handies

& Simple forceps handle: The working
part and handls are identical. Force trans-
mitted from the fingers to the jaws is not
mediated by a stabilizing joint. The pre-
cision of closure depends entirely on the
stable and precise construction of the
blades,

b Scissors handle: The joint (screw) is
very short in refation to the blades, so pre-
cision depends largely on precise finger
movements.

¢ Spring handle: An extra joint slabilizes
blade closure and makes it more precise.

d Hinged handle: The joint length is max-
imsal and equals that of the entire handle.
The length of the force-transmitting lever
arm does not depend on the total fenglh
of the handle. The spring tension neces-
sary for opening is produced by a slight
flexure of the joint (A).

¢ Tube handle; Very fine blades are en-
closed in a stabilizing guide tube (7),
which is slid forward to close the jaws
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not appose correctly. * Precision in-
struments should therefore be fitted
with stops which limit the force that
can be applied (Fig. 2.8).

Besides considerations of force

. \ransmission, anatomic and geo-

metric factors are relevant to select-
ing an appropriate instrument de-
sign. For operations in the interior

of the eye, it is advantageous 10 use
instruments whose working axis
can be placed very close to the ac-
cess opening. This will ensure a
minimum instrument cross-section
in the opening when tissues are cut
or grasped, allowing the instrument
{0 be used freely through an apes-
ture of minimat size (Fig. 2.9).
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Fig. 2.8. Regulation of force by stops.
Stops limit the pressure 1hal can be ap-
plied to the instrument handle.

a To work properly, the stops must be
placed direcily below the point ol finger
contact.

b If the*handie is squeezed behind 1he
stops, the jaws will separate instead ol
close.

¢ When two slop pins are provided and
the intervening handie is ceinforced, finger
pressure may be applied over a larger area

* This problem can be reduced by using
a mere rigid steel for the jaws than for
the Mexible spring handles. Precision in-
struments of 1his kind are recognized by
the soldered joint between the handle and
working end. (Note that the melling point
of the solder limits the sterilization lem-
perature}.

Fig. 2.9, Geomeltric faclors refating o the
selection of blade length, illustrated for
two-piecs instruments used in the saterior
chamber.

a Simple forceps handle. The maximum
blade epening is limited by the widih of
the chamber incision.

b In articufated handles, the blades may
be opened withoul regard for the size of
the incision i the joint is held exactly at
the entrance. Spring-handled scissors with
short blades may b used close to the inci-
sion.

¢ Scissors with long blades can work deep
in the cham¥®r. In the type of scissors
shown here there is very little s¢paration
at the incision owing to the slender, slight-
Iy curved bladss.

i Instruments with tubular handles al-
ways have a constant cross-seclion in the
access opening, repardless of the depth of
insertion
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Motorized Handles

Handles in which the working mo-
tion is motor-driven convey no tac-
tile impression, of tissue resistance,
s0 the surgeon must rely entirely on
visual feedback. As there is no risk
of interaction between the working
and guidance motions, motorized
handles are appropriate for high-
precision work in which the sur-
geon must concentrate entirely on
guiding the instrument.

Rotating knives (irephines, circu-
lar knives) have “infinite” blade
excursions which offer the advan-
tage of consisient culting quality
owing to their long, uniferm cutting
action. The main risk is that the ro-
tating blade will snag unseetioned
fissue fibers and cause the tearing
of tissues rentote from the intended
site of action.

This danger is avoided by the
short excursions of osclllating
knives. The amplitude of the blade
motion is limited by the design,
making it safe to operate the instru-
ment at extremely high speeds. It
must be considered, however, that
individual blade movements are in-
visible al high speeds (Fig. 2.10), so
the cutting process cannot be moni-
tored by watching the blade itself
but only by observing its effect on
the Lissue.

[P

2.1,2 Grasplng

Grasping serves to transmit guid-
ance motions to a substrate. The
guidance motion may be an active
movement performed to mobllize
the substrate {e.g., for transposition
or removal), or it may be a station-
ary action intended to immobilize
the substrate (e.g., for tissue fixa-
lion during cutting or suturing).® In
order for force transmission to oc-
cur, a friclionat resistance must be
created belween the instrument and
subsirate. The necessary level of
this resistance depends on the
forces that must be overcome by the
guidance motion.

Frictlonal resistance is deter-

mined by:

- the forces exerted on the sub-
strate;

— the grea of blade contact;

— the angle at which the forces act
on the substrate.

To preserve struclures during the
grasping of fissues, high pressure
should be avoided whenever possi-
ble and the necessary {riction pro-
duced by increasing the arca of
blade contact or selecting a more
favorable angle of attack. When
grasping a solid object such as a nee-
dle, however, the grasping area is
limited and the angle of atlack is
predetermined, so [riction is pro-
duced mainly by applying a lasge
gripping force.

"
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Fig. 2.10. Osciflating  blades. Individual
blade movements ar invisible a1 high fre-
quencies, and only the overfapping por-

tion can be scen {gray). Note that the &ip
of the blade in contact with the tissue is
invisible in 2 and b but can be seen in ¢

Spatulas
Solid Spatulas

With a solid spatuia, force is trans-
mitted directly from the handle to
the area of tissue contact. This ¢n-
sures a high precision in grasping.
Simple spatulas arc suitable for
forward and lateral pivoting move-

o
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Fig. 2.11. Simple spatula
a The simple spatula has a uniform cross-
seclion over its entire lengih, so it can be
guided in a way that keeps the incision
waterlight during all mwanipulations {(se¢
Fig. 518D for suitable type of incision).
Long blades are slightly curved lo con-
form ta the curved intraocular sarfaces.

b The basic working motions of the sim-
ple spatula are thrusting {small working
surface, high pressurg), pivoling (larger
working surface, lower pressure), eleva-
tion and depression {Jargest surface). The
lateral working surfaces are shown in red

& Yersatile handles are preferred for active
manipulalions, stable handles for fixation
(see Fig- 2.2).

a
b
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Fig. 2.12. Blant hooks. Left: Design prin-
ciple, Center: Possible applications in tis-
sue. Right: Introduction through inci-
stons.

a Simple hook for applying tractien te tis-
sue. The hook is furned sideways for inser-
tion through an incision.

b Collar-bulion probe; Consists basically
of an infinite number of blurt hooks in
a cendrifugal arrangement, can push or
pullin any direction. The prebe is inserted
sideways so il wili not catch the wound
edge.

¢ Flat spatula with notches: Consists
basically of scveral hooks pointing in op-
posite directions, can pudl or push strands
and posts in any direction; stips smoothly
through small incisions

ments (Fig. 2.11). Hooks are used”

for snaring and pulling tissues.
Bhnt hooks can be moved freely in
all directions without traumatizing
adjacent tissues but can be used
only to grasp and apply traction to
free edges (e.g., the pupillary border
or implant marging) (Fig. 2.12).
Sharp hooks can also engage tissue
surfaces but may {raumatize sur-
rounding tissucs, Hence a special
technique is required for inserting
Elnc.l }‘cmoving sharp hooks through
incisions (Fig. 2.13).

%ﬁ%
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Fig. 2.13. Sharp hooks. The hooks are
sharply pointed in the direction of the

- wquing motion. If the guidance direction
coincides with the working metion, the
" heok may cause inadvertent damage when |

moved within the eyz. The haok behaves
as a sharp instromgnt ($) in seme disec-
tions (red arrows) and as a blunt instru-
ment in elhers (gray' (rrows),

a A hook with less than a 270° curve en-
gages tissue when pulied backward or
swiveled laterally (foward the hook open-
ing). It is blunt only when pushed straight
forward or swiveled in a direction away
from its opening.

b A haok with-a 270° curve is shatp only

when palled straight backward. It is blunt
in all ofhes diceetions,

¢ A hook with more than a 270° curve
can be safely maneuvered in all directions.
Iy is sharp only when cotated to engage
tissue prominences {e.g., iris trabaculag).

d For passage into or oul of an incision,
a sharp hook is turned sideways with its
back surface pressed against one side of
the wownd (4). Having iraversed the inci-
sion, the hook is raiated into the working
position {B)
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Fig. 2.14. BuHlous spafala. A bubble exerls
force as an instryment without manipula-
tion by the operaler. 'T¢ exerts centrifugal
forces on the environment by virtue of the
surface tension and infernal pressure that
giva the bubble its splerical shape. In ad-
dition, gravitationa! effects produce up-
ward-directed forces in light bubbles and
downward-directed forces in heavy bub-
bles

Bubbles as "“Spatulas”

Bullous “spatulas™ can transmit
forces to tissue in two ways: their
surface tensijon cartexert centrifiugal
forces, and their bioyancy can ex-
ert vertical forces (Fig, 2.14). These
forces can be used to impose a
spherical shape on surrounding tis-
sues or to force tissues. upward or
dewnward. i

Bullous spatylas can be intro-
duced through openings of mirimal
size but, once in the chamber, can
attain a considerable volume. This
discrepancy can be wtitized 1o apply
forces over a broad arca (Fig. 2.15),

The forces are independent of the
actions of the surgeon, who can di-
recily control only the size of the
“spatula” and indirectly controls
its position. But this very indepen-
dence can bg utilized to maintain
the effect of the spatula after its
placement and to change its site of
action.

The positional dependence of the
eftect compels the patient to main-
tain a certain position for as long
as the bubble is in the eye. This re-
quirement can be moderated some-
what by embedding the bubble in
a highly viscous material to restrict
its mobility (Fig. 2.16).

The injection technique is the
same as described earlier in connec-
tion with spatial tactics (see Figs.
1.33-1.35).

Fig. 2.15. Air bubble as a mobilizing instru-
ment {for expelling viscoelastic material
from the anterior chamber)

a, b Unsuccessful attempt using improper
technigue. ¢, 4 Cerrect fechnique.

a Airinjected directly into the viscoelastic
material produces a viscoelastic balioon.

b If one then attempts to remove the ma-
tesial by enlarging the bubble, enly a por-
tion is expelled; {he rest is pressed against
the upposite chamber angle.

¢ The expulsion is first prepared by creal-
ing a watery (homogensous) compari-
ment. Watery fluid is injected behind the
viscous material to create a monviscous
space on 1he opposite side.

d Expulsion is then accomplished by in-
jecting air into 1he watery compartment.
The air bubble forces the viscoelastic ma-
tertal out of the chamber,

Note: Control of 1he expulston is aided
by maintaining a low outflow resistance
far 1he viscoglastic material (by opening
the wound edges as in Fig, 2.24). If 1he
resistance is too high, the chamber pres-
sure will tise, and side-eflects may occur.
This pressure rise can be detected by not-
ing that enlargement of the bubble is in-
sufficient retative to the volume of air in-
jeated
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Fig. 2.16. **Spherical spatula®; viscoelastic
baltoon produced by Injecting gas into a
viscoelastic mass (here: To reduce and sta-
bitize a detached reting)

a Preparxtion of 1he yiscolastic shell:
Viscoelaslic material is injected into the
vilrectemized cavity.

b Unsuccessful attempt to inflate ihe bal-
loon: If the cannula is not repositioned
afler injecting the viscoelastic material,
and gas is injected simply by exchanging
syringes, gas bubbles will form at the inter-
face between the viscous subsiance and
walegy fluid. En 1his nonhomogeneous mi-
liewt the gas bubbles will follow ths path
of least resistance and escape inte the wa-
tery milieu.

¢ Correct technique for inflating the bal-
leon: Before gas is injected, the cannula
is advanced into a homogencous milicu by
positioning its {ip al the center of the
viscoelastic mass.

4 The cannula having been repositioned,
the viscoelastic mass is now inflated te
produce an absorbable intraocular bak-
loon
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Viscosity ye

Viscoelastic Meterials as Spatulns

Viscoelastic spatulas, like bullous
spatudas, can apply forces atrau-
matically over a farge area cven
when introduced through smafl
openings. But they differ from bul-
lous spatulas in that their effect is
not position-dependent {provided
the specilic gravity of the viscoelas-
tic substance equals that of the
aqueous). 7 They differ from solid
spatulas in that the link betwgen
surgeon and tissue is influenced by
the viscosity of the material; con-
trol is indirect and consequenily
less precise.

Viscoelastic materials may be
characterized as “‘soft permanent
spatulas.” As they are injected, they
displace tissues and act as soff spat-
ulas to produce a nontraumatizing
visco-mohifization. After the injec-
tion they function as permanent
spatulas by holding the tissues in
place and providing a long-term
inmmobifization  (*visco-stabiliza-
tion"").

Their high internal flow resis-
tance and elasticity enable visco-
elastic spatulas to transmit forces
to their surroundings (Fig. 2.17).
The effect depends on the ratic of
the internal resistance of the spatula
to external resistances. This ratie
determines whether the viscoelastic

1 T
Shear rate

spatula, when introduced, will dis-
place the surrounding tissue or will
be disptaced by it {Fig. 2.18).

The viscoelastic material may
block its own flow by damming
back toward the cannula, causing
subsequently injected material to
spread along paths of least resis-
tance. Thus, the surgeon cannot
predict the effect of the viscoelastic
spatula based on the position of the
canmula or the force of the injee-
tion. Asa general rule, however, the
best eflect is obtained when there
is minimal distance between the

Fig. 2.17. Suitability of various viscoclastic
materlals for nse as a spafulz, ie., for
yviscostabllization and viscomobilizailon.
The maximun viscosity of the matesial
{i.e., the initial viscosily at a low shear
rate} determines its stabilizing effect and
thus its efiicacy as a "*permanent spatula™
(dark grap zone) The medium viscosily
(viscosity al a medium shear 7ale) deler-
mines the suitability of the material for
mobitization and thus its efficasy as a
“soft spatula™ (mediwn gray). The mini-
mum viscosily (viscosity at a high shear
rate) determines injectability through thin
cannulas (fight gray). The high-molecular
substance A makes a more effeciive spatu-
la than the low-molecular substance B.
Both have comparable injectability (se¢
Fig. 1.18)

cannula opening and the target site,
for this reduces the area in which
there may be unintended blockage
or deviation of the flow.

Besides injecting close to the lar-
got site, control is effected by modi-
fying flow resistances about the tar-
get site, the goal being to maintain
a lower resistance in the intended
flow direction than in all other di-
rections. This principle is illustrated
in Figs. 2.§9-2.22. It will be noted

7 The viscoelastic spatula cannot exert its
effect as long as a bubble can. Although
the bubble will diminish in size with ab-
sorption, it retalns its essential properties
(ie., il remains impermeable and con-
finues to displace in accordance with ils
specific gravity). It will exert its effect as
long as il retains a sufficicnt size, In the
viscoelastic spatula, on the other hand, di-
[ution of the material in the eye aliers s
viscosity and clasticity, and its effect di-
minishes even if it continues to occupy a
sufficizntly large volume.

Fig. 2.18. Viscoelaslic spatule. The rela-
tionship between the external resistatice of
the tissua pasticie to displacement (friction
and inertia) and the inteenal resisiance of
the material (viscosily) determines wheih-
cr the viscoelzstic material will displace
the particle {4) or flow around it (B). For
a given viscosity, the distance (1) belween
ihe cannula outlet and the target will de-
terming whether the material evades (C)
or acts on the particle

Fig. 2.1%. Separation of adherent {issue
layers with & viscoelastlc spatula, Tech-
nique for cases where the resistance to sep-
aration of the layers is less than the reflux
resistance of the viscoelastic material,

& Indication: Separation of thin, deficate
fayers that are too mobife and compliant
to be pulled apart with grasping instry-
ments. ®

b The intermediate layer is located with
the canoula tip, and the viscoelastic mate-
rial is infected inlo the interspace,

¢ Because the reflux resistance is greater
Ehan the resistance o separatioa, the in-
jected material is forced into the interspace ™
and bluntly scparates the layers.

Note: The cannula tip is pushed forward
as injection provecds to keep the distance
b_ctween outlet and working area short
g.[eé)lo minimize the distance D in Fig.

.
% .
Hxamples: Separation of coagulated

" blood from the anterior surface of the itis;

separation of a preretinal membrane from
a detached retina.

Fig. 2.20. Separation of adherent tissue
Ea.yers with a viscoelastic spatula. Tech-
nigue for cases where the resistance Lo sep-
aralion of the layers is greater than the
reftux resistance of viscoelastic material.

a Indication: Scparation of firm adhe-
sions between tough tlssue layers.? Be-
cause the reflux resistance is lower, the
Now of viscoelastic material is deflected
away frem the adhesion.

b 1t is necessary first to sever the adhe-
siops with the tip of the cannula {**solid
spatula”™) before injecting the material,

c- The injection is continued while the can-
nula is withdrawn. Here the viscoelastic
spatula does not effect 1he separation but
functions as a permanept spatula 1o main-
tain the dehiscence created with the solid
instrument

° Examptes: Separation of the ciliary body
from the scleral spur {cyclodiatysis, see
Fig. 6.1); clearing of firm synechiae (see
Fig. 7.30).
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Fig. 2.21. Approximation of two separate
lissue layers with a viscoelastic spatula.
Technigue for cases where the resislance
to approximation of the layers is less than
the reflux resistance.

a A fine membrane is approximated to
another tissue layer,'® The injection is di-
rected obliquely to produce vector compo-
pents perpendicular to be tissue surface
(to effect ihe approximation) and atse par-
allel to it (to advance the approximation).
The viscoelastic material functions here as
a soft spatula.

b The injected material keeps the mem-
brans appreximated to the subsirate,
functioning now as a permancnt spaiula

thai the viscoelastic material itself
can provide resistance to flow in
undesired directions.'* This effect
can be enhanced by the use of high-
er-viscosity materials (substance A
in Fig. 2.17).

If material with sufficiently high
viscosity is not available, resistance

may be decreased in the desired di-
rection by using a solid instrument
(e.g., the cannula jtself} to clear any
obstructions along the intended
path of flow. The viscoelastic mate-
rial is then infected and will fune-
tion as a permanent spatula to
maintain the dehiscence (Fig, 2.20).

Fig. 2.22. Approximation of two separate
lissue layers with a viscoelastic spatula.
Technigue for cases where the resistance
te approximation is preater than the reflus
Tesistance.

a When an atlempt is made to press the
firm tissue layer against a substeale, the
flow of material is deflected onto a path
of lesser resistance, and reflux occurs.

b The initial step, therefore, is 10 block
that path with viscoelastic material.

¢ In a second step the “soft spatula® js
injected to approximate the tissus layers
(analogous to Fig. 2.21a)

!° Examples: Replacement of a detached
Deéscemet membrane; reapposition of a
torn lens capsule to the hyaloid membrane
(sce Fig. 8.108).

1 Gas bubbles may be wsed to increase
resistance abore the target site {see Fig.
7.35b).

The Use of Watery Fluids
Jfor Mobilization and Grasping

Watery fluids can exert forces
{hrough pressure gradients, and
their control consists accordingly in
the regulation of pressures and re-
sistances. The aperator may employ
positive pressure as a means of mo-
bilizing tissues {irrigation) or nega-
live pressure as a means of grasping
tissues (aspiration).

Irrigation

Irrigation can be used both to mo-
bilize tissues and to transport them.
In ferigation for mabitization, the ir-
rigating stream distodges tissue par-
ticles from surfaces to which they
are adherent. Hence the fluid
stream nust produce force vectors
directed away from the tissue sur-
Jaces. Such vectors are produced by
the negative pressure that arises at
sites of narrowing as a result of
asymmetric flow. The magnitude of
this effect, called dynamic 1ifi,'* de-
pends on the flow velocity around
the parlicle te be mobilized
(Fig. 2.23C). Irrigation for mobili-
zation, then, must employ a high-
velocity fluid stream, The flow ve-
locity is highest at the cannula cut-
let (Fig. 2.23A), so the cannula tip
is placed as close as possible to the
pariicle to be mobilized.”® The op-
thmum fow direction is not square-
ly onto the particle, but parallel to
the surface to which the particle is
adherent,

Ircigation for transpert of tissue
material suspended in the stream is
actualty a simple fluid exchange
analogous to space-factical flwid
spstems.** Thus, the tip of the can-
nula may remain close to the access
opening. Low velocitics are suffi-
cient and also oplimal because they
are easier fo control. This proce-
dure diflers from space-tactical sys-
tems in that the fow resistances in
irrigation are not geared toward
considerations of pressure but to-
ward the size of the particles to be
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transported. In practical terms this
means that flow paths must be kept
wide enough to eliminate friction
between the particles and tissue sur-
face. The controf of transport irri-
gation, then, involves regulating the
owlflow resistance in such a way
that this resistance remains high
while the particle is being Irans-
ported through the chamber in
order to keep the chamber volume
large. However, when the particle
comes to trasverse the incision, a fow
outflow resistance is needed since
the outflow path from the chamber
must be as wide as possible
(Fig. 2.24).'5 Transport irrigation,
then, employs a low-velocity fluid
stream and a well-coordinated se-
quence of increased and reduced
outflow resistances.

Fig. 2.23. Basle hydeodynamles of irriga-
flon. Al sites of narrowing in the flow
channel, as over a particle, the flow veloci-
iy increases {ke., the steeamlines move
closer together).

A The channel is narrowest in the irciga-
tion cannula, so the flow velocity is maxi-
wal at the cannula oullet (s¢¢ Fig. 1.15a).

B Velocity distribulion in laminar flow:
The flow velocity is always zero at the sur-
face of solid bodies. The velocily increases
with distance from the surface {arrows).

C Vectors perpendicular to the surface oe-
cur when the channel is narrowed by an
obstacle. As Mow velocity increases, pres-
sure falls (Bernoullis law), causing a lift-
ing force o be cxcrled on a particle in
the flow. The magnitude of this lifting
force depends on the square of the Now
velocily.

1y Bddy cuerents can form behingd the ob-
stacle. The intensity of these currents de-
pends basically on the shape of the obsta-
cie and {he Mow velocity but cannotl be
predicted in a piven case

12 Dynamic lift is the net upward [orce
produced by asymmetric Row velocilies
around an object (such as an aircraft
wing).

'3 This contrasts with fluid applications in
spatial tactics, whers the cannula tip is
placed at the access opening.

M In fluid exchange, the particle and Muid
have the same velocities, whereas in mobi-
lization the fluid velocity is greater.

1% This makes it necessary Lo provide an
inflow capacily commensurate with the
size of the particles 40 be (ransported.
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Fig. 2.24, Conlral of irslgation for trans-
port: removal of materkal from the anterlor
chamber

a Inflow pressure is controlled by the
pressure on the syringe plunger, ouiflow
resistance by the degree of wound open-
ing, i.c., by raising or lowering the cannula
(see also Fig. 1.14).

b Mobilization of the particle inside the
chamber: With a high outflow resistance,
the anterior chamber will remain deep,
and the icrigating stream will mobilize the
.particle and keep it flowing within the
chamber. IT the injection rate is teo high,
it will producs eddy currents instead of
a uniferm siream.

¢ Removal of the parlicle from the
chamber: When the outflow resistance is
lowered, the fuid stream and entrained
particts will exit the chamber. The inciston
is not apened at the moment the pasticle
is adjacent to it bul somewhat earlier,
when the motion vector of the particle (the
fangent 1o its circular path of moticn) is
directed toward the incision

Fig. 2.25. Control of irrigation: Spaital
tactles

a [f the outflow resistance during irriga-
tion is high, rising pressure in the anterior
chamber can push the diaphragm inwand
and expand the chamber volumne.

b If the onflow mesistance is low, ihe
chamber pressure does not riss as fuid is
injected. The chamber conlents are re-
distributed, but the chamber volume does
nol increass. if a portion of 1he diaphragm
(irisy is pressed backward, anather portien
(anterior hyaloid) is extruded forward, If
this oocurs while the cannula tip is at the
center of the chamber (and not at the ac-
cess opening), the protruding pact (e.g. vit-
reouss) is at risk for injury

A7

Aspiration

Aspiration allows for a more selec-
tive manipulation than irrigation.
The site of the critical pressure gra-
dient is strictly localized to the can-
nula opening, which is positioned
precisely where the action of the
pressure gradient is required. The
magnitude of the pressure differ-
ence is influenced by the resistance
at the cannula infet. This resistance
provides the distinclion between as-
piration by occlusion and aspira-
tion by flow.

Aspiration by occlusion is a niobi-
lizing procedure. The inlet of the
cannula is completely occluded by
the material to be mobilized, raising
the resistance to infinity and caus-
ing a cessation of flow. The pres-
sure gradient at the cannula tip is
maximal and approaches the differ-
ence between the chamber pressure
and the terminal pressure {Fig.
2.26a).'¢

Aspiration by occlusion is con-
trolled by regulating both of these
pressures. The adhesion of the parli-
cle to the cannula can be increased,
and the particle “gripped” more
tightly, cither by inereasing the
chamber pressure (e.g., raising the
infusion pressure} or by lowering
the {erminak pressure {i.e., increas-
ing the suction).!”

To decrease the adhesion of the
particle to the cannula for the pur-
pose of release, the opposite proce-
dure is followed: ¢ither the terminal
pressuze is increased above the level,

of the chamber pressure, or the

chamber pressure is reduced below
the terminal pressure {by lowering
the infusion pressure).

Once occlusion has occurred,
fluid can no longer flow through
the cannula, and there is no need
for volume replacement by infu-
sion.'® Occlusion of the cannula
also eliminates the danger of inad-
vertent tissue aspiraion.

- The safety strategy for aspiration
by occlusion requires the siiction to
emain turned off while the tip of

—— Pch
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the cannula is placed against the
particle to be grasped. Once it is
certain that the parsticle occludes
the cannula, the suclion may be
turned on. Note: Partial occlusion
is no occlusion, and any aspirating
mancuver will becoms aspiration in
flow. |

Aspiration in Flow, Aspiralion in
flow is a transport procedure, The
inlet of the cannula is open, the re-
sistance low, and the pressure differ-
ence correspondingly smalt (Fig.
2.26b). Flow through the cannula
is continutous, and fluid infusion is
mandatory for volume replace-

* ment, Aspiration in flow, like trans-
- port irrigation, is basically a space-

tactical fliid system with the difter-
ence that the suction tip is placed
selectively at a particular target.

Because the intet of the cannula
is open, anything in front of the
opening will be aspirated. This in-
creases the potential for inadverient
aspiration, This danger increases
with the flow.velocity, since eddy
currents and dynamic lift can draw
tissues from apparently safe regions
into the area of the suctien tip. The
safety siralegy for aspiration in
flow requires low flow velocitics,
therefore.

it

Fig. 2.26. Methods of aspiration

a Aspiration by occlusion: With total
blockage of the aspirating channel, the re-
sistance at the cunnula jnlst beconies irfi-
nitely high. The pressure difference at the
inlet (P, vs. P,.,) is masimal.

b Aspiration in flow: The cannula inlet
is unobsiructed, and the resistance is -
nite. The pressure difference at the inlet
is the difference between the chamber
pressure Py, and the exit pressure P, and
therefore is very small (see Fig. 1.2). At
high flow rates, dypamie lift can occur at
sites with asyinmetric flow, drawing moy-
able objects ¢here: a membrane) toward
the inlet. This can occur even when the
cannula is parallel to the surface of the
object

+

18 Note: The level of the chamber pressure

‘depends on how eflfectively the access

ning is sealed arcund the canoula. 1f
the oulllow resistance next to the cannula
is infinitely high {(see Fig. 1.4a), the
chamber pressure will equab the initisl
pressure. If the ouiffow resistance is zcro,
the chamber pressuze will equal atmo-
spheric (see Fig. 1.6).
17 For example, il the chamber pressure
is zero (dug to a low oulflow resistance
to the external atmosphere, see Fig. 1.6),
a strong suction is required, Conversely,
if the ferminal pressure is zere {v.g., in a
canoula that communicates with the open
air}, a high infusion pressure is required.
12 Compensatory fluid infusion is neces-
sary only if there are other outllow sites
besides the occlwded cannula (se¢ Fig.
1.5¢).
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Fig. 2.27. Conflgerations of cannula open-
ings. Tbp: Cannula ips in cross-section.
Bottoni: Guidance mancuvers for passing
canaulas through incisions, All the caniu-
las can be used for irrigation, but anly
cannuta ¢ is saitable for aspiration by oc-
clusion.

@ Thin cannula: Thin cannulas also have
thin walls, which act as a sharp instrument
when pressed against tissue. This may oc-
cur during aspiration or during forward-
direrted guidance molions.

b Thick-walled cannula with a reunded
outer edgs: The cannula acts as a blunt
instrument during guidance motions, but
its inner edge behaves as a sharp instru-
ment during aspiration.

¢ Thick-walled cannula with rounded in-
ner and outer edges: The canaula acts as
a blunt instrument even during aspiration.

d If (he cannula has a sharp outer edge
(e.., cannula &), it should be passed side-
first through incisions, as iltustrated, This
swiveling maneuver reqaives a relalively
broad wound opening. o
e Cannulas with a rounded outer edge (b
and ¢) may be introduced poinl-first, so
they can negotiaté gven nacrow wounds

Cannnlas for the Application

of “Finid Instruments»

The shape of the tip of the cannula
is critical when the instrument is
used for tissue tactics (untike can-
nulas for volume maintenance,
where only the cross-section is sig-
nificant; see Fig. 1.12). The lip de-
sign is fess eritical for irrigating can-
nulas since all tissues are forced

-away from the opening. But in as-

plrating cannulas, which draw tis-
sues toward the opening, even the
slightest irregularity at the tip can
mncrease the risk of inadvertent tis-
sue lesions.'® The tip design is
especially critical in aspiration by
occlusion (Fig. 2.27), where the in-
tegrity of the system depends on the
shape of the rim (Fig. 2.29a). The
direction of the opening determines
the angle of application to the tissue
and influences kow the particle will
reorient itself when occlusion is es-
tablished (Fig. 2.28). If the material

is to be transported through the [u-
men of the cannula, it is advanta-
geous to have a lumen of larger cali-
ber than the aspirating port (Fig.
2.29b).

'3 This is of lesser importance for tissues

that are deliberately aspirated {e.g, lens
corlex, vitreous), but there is always a risk
of aspirating tissues that should remain in
Ihe cye and whose damage could com-
promise lhe surgical goal (e.p., lens cap-
sule, relina),
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Fig. 2.28. Effect of cannula bevel on grasp-
ing .
a, ¢ Oblique bevel {opening faces lateral-

1y).

b, d Flat bevel (opening faces forward).
In a and d the cannula tip apposes flush
to the lissue surface; in b and ¢ it dees
not.

a An aspirating cannula whose oblique
bevel matches the orientation angle of the

partiele surface (so the suefaces of the par-
licle and cannala opening are paralicl) can
grasp the particie without changing its po-
sition.

b A MNat-beveled cannula applied al the
same site does not appose fush to the par-
ticle, so the latter must rotate into an ori-
entation where the surfaces are parallel,
This may be associated with unintended
tissue contacls about the particle.

¢ An obliguely beveled cannula produces
a similar rotation when applied to a verti-
cal surface,

d The particle in ¢ would net rotale if
grasped at the same site with a Nat-beveled
cantula

Fig. 2.29. Relationshlp of cannula apening
amd lumen in the grasping or asplration of
tissue

a Cannula for geasping orly: The inner
surface of the opening has a conical shape
s0 that particles of various sizes can oe-
clude the inlet, but its narrow lumen pre-
venls the materizl from being aspirated
through the canrula.

B Cannuta for both grasping and trans-
port; Here the lumen is larger than the
opning so that paeticles enceunter litlle
resistance afler passing through the inlet
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Foreeps
Nontoathed Forceps

Forceps without teeth must have a
sufficiently large grasping surface in
order to produce sufficient friction.
Because they place relatively little
pressure on the substrate, they can
grasp and hold delicate tissues and
materials withoud damaging them.
In forceps with a variable grasp-
ing surface (Fig. 2.30), the flexibifity
of the biades determines whether
increased pressure with the fingers
will enlarge the contact area or raise

Fig. 2.30. Plane forceps with undefined
grasping sutface. Asincreasing force is ap-
plicd to the blades, the grasping area in-
ceeases (b), but the jaw pressure (= force
per unil area} does not rise accordingly.
‘Thus, the efficacy of the instrument relics
on the contact area {and friction) thai is
established betwezn the blades and the ob-
ject grasped

b &
Fig. 2.31. Plane Jorceps with predefined
grasplag surface

a The grasping surfaces meet only when
a specific biade pressure is applied.

b 1f greater pressure is applied, the grasp-
ing surfaces begin to separate and, in con-
trast to Fig. 2.30b, the effective grasping
area is diminished

the grasping pressure. If the blades
are very rigid, the pressure increases
considerably before the grasping
surface can enlarge sufficiently, and
the tissue is crushed. Bul if the
blades are flexible, the pressure re-
mains low, and little friction devel-
ops despite the large grasping sur-
face,2®

In forceps with a predefined
grasping surface (Fig 2.31), the
blade pressure is determined by the
construction. If the pressure on the
blades is teo low, only the tips will
meel; if too high, the jaws will sepa-
rale. Pressure-regulnting devices are
necessary, therefore (see  Fig.
2.8).2

Serration on the inside of the
jaws increases the grasping surface
of the forceps and changgs its angle
of attack on the tissus. This pro-
vides increased friction without al-
tering the dimensions of the foreeps
(Fig. 2.32).

However, serration is effective
only in soft matesial whose surface
can conform to the shape of the
ridges. Sersation produces the op-
posite effect in hard material, be-
cause it reduces the contact area
and weakens the grasping cffect
(Fig. 2.32¢). The pattern of the ser-
rations determines the direction in
which maximum resistance is ob-
tained, i.e., the direction in which
traction can be exerted with opti-
mum effect (Fig. 2.33).

In miniforceps grooving also pro-
vides greater stability for a given
cross-section of the closed instru-
ment (Fig. 2.34).

The ring forceps, equivalent in
principte to a circular serration, can
exert traction in all directions
(Fig. 2.35). The same principle is
applied in spoon forceps, which add
cuplike covers to the ring-shaped
blades (Fig. 2.36).

20 Bnction is tested by a load test with
malerial of known weight and surface
roughness.

21 Rynction is tested by visual jnspection
of the jaws as digital pressure is increased.

[+

Fig. 2.32. The principle of sexration

a Serralion increases 1he contact area and
changes the angles of attack at the sub-
strate.

b This principle is effective on nenrigid
material inte which the serrations can
“bite.”

¢ On rigid materizl, only ihe tops of the
scrrations meet the substrate, so the con-
1act area is acdually reduced, and the vary-
ing angles of attack have no effect

Fig. 2.33. Directions in which serrations are
most effective. The abitily to exert traction
depends on the direction of the serrations.
Cross-serraled jaws resist traction along
the axis of 1he handle (top), whils longitu-
dJinal serrations resist iransverse traction
(center). Criss-cross serralions can permit
traction in alt directions (bottom)

I
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Fig. 2.34

a Miniforceps with smooth jaws: The sta-
bility of an individual blade is determined
by its height H. The tetal height of the
closed tip (Hy) equals the sum of the
heights of the individual blades H, +H,.

Ol-rive @1 g s

M [Hz

‘The grasping surface ";—ed) is related to the
diameter,

b Miniforceps with a single longitudinal
groove: One blade is trough-shaped, ihe
other cylindrical. Since the blades inter-
mesh, the total height of the closed tip

¥ig. 2.35. Ring forceps for soft material.
The material encompassed by the ring
blades has a larger cross-section than the
malerial compressed between the jaws.
This keeps the lissue from shifting and
thus permits traction in all directions. The
small cross-section of the instrument ab-
lows passage through very narrow open-

ings

(Hr) Is s than the sum of the blade
heights. This can give greater stability than
a forceps with smoath jaws (a) without
increasing ihe height. The grasping surface
is greater than in a, and 1he angles of at-
{ack at the substrate arc variable

Fig. 2.36. Spoon forceps for righd materlal.
The grasping propesiies are similar to
those of ring forceps, but the smooth cuter
surface protects surrounding tissues when
manipulating particles with sharp edges.
The cross-section is larger than that of
sing forceps, so a relatively large acoess
openting is needed for insertion into (he
eye
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Fig. 2.37. Siraight teeth

a In forceps with straight teth (set a1 a
907 angle), the grasping vectors are dj-
rected inward.

b The vectors allow the forceps to grasp
material [ying between the blades

Fig. 2.38, Straight-tootk forceps designs

a Forceps with straight teeth can be en-
gineered so that their outer surface is com-
pletely smoath when the jaws are closad.
b For tough material such as sclera or cor-
nea, the teeth must be sharp enough to
penelrate the tissue.

¢ Forsofl material such asiris or conjurie-

tiva, blunt nonlaceraling fecth may. be

used.
Stops (S) prevent tissue lrauma

Toothed Forceps

Toathed forceps have a very small
grasping area defined by the config.
uration of the teeth. This makes
them suitable for precise “pin-
point* grasping. They exert a high
pressuse, however, and may dam-
age delicate tissues.

Toothed forceps produce their
grasping resistance chiefly by sur-
Jface deforinarion. Their applications
are determined by the force vectors
of the tecth,

Forceps with teeth at a 90 degree
angle (“surgical forceps™) are, ow-
ing to the direction of the main vee-
tor, suited for grasping material
that can be brought dircctly &e-
fiveen the blades (Fig. 2.37). Since
no vectors are directed outward, the
outer surface of the forceps can be
ground smooth s¢ that it forms a
blunt instrument when closed
(Fig. 2.38a).22 The size and sharp-
ness of the teeth mwist conform to
the thickness and quality of the tis-
sue. Once the teeth have seized the
tissue, the working motion is com-
pleted, and Further action is limited
to maintaining this position while
the instrument is guided. Thus,
complele closure of the jaws is not
a criterion for grasping and can be
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prevented by stops as a precaution
against tissue injury (Fig. 2.38b, ¢).

Forceps with angled teeth
{*niouse-tooth forceps*) have a for-
ward-directed vector component
(Fig. 2.39a), so the teeth can seize
tissue bying in front of the ends of
the blades. However, the forward
vector component requires that a
force of equal direction be applied
during closure of the forceps, so the

working mofion is always coupled
with & ** thrusting” jorward motion.
This thrusting motion may en-
counter a high resistance if the tecth
of the mouth-tooth forceps are not
perfectly sharp. If the teeth are dull
or bent, the forceps can at best be

* Fuaclion is tested by running the
fingestip along the undersurface of the
clased blades.

Fig. 2.39. Angled feeth (“mouse lceih®)

a One component of the thrust vector is
directed forward (dark red).

b Owing to the forward-directed vector,
the teeth can peneleate maleral in front
of 1he tips, such as a flal surface (fef?) or
wound margin (Fight).

¢ Sharp tecth are easily bent by careless
handling. This eliminates the forward-di-
rected vecior component at the tooth tip,
and the teeth cannol bite into fat surfaces.
The instrument then behaves as a forceps
wilh siraight teeth
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used as a surgical forceps (Fig.
239¢). That is why mouse-tooth
forceps reguire as much care in
their manufacture and maintenance
as cutting instruments.2*

The function of the mouse-tooth
forceps is analoegous to that of a
claw, anchor, or trident (Fig. 2.40),
its various applications depending
on the blade position when the in-
strument is applied:

As a claw, the forceps is able to
grasp wound edges at an angle,
with the advantage that the teeth
bite more easily into the tissue than
with ordinary surgical foreeps,
When used on smooth surfaces, it
produces a fold. **

In its function as an anchor, the
forceps grips a minimal amount of
tissue and thos can grasp surfaces
with a minimum of deformation. 23

As a trident it can, without pene-
trating the tissue, produce a friction
that can withstand weaker forces. *¢

The properties of loothed forceps
can be combined with those of
blunt grasping plales {o creale a
multipurpose forceps in ang instru-
ment (Fig. 2.41).

22 Fupction s tested by inspecting the
tooth shaps and watching for reflections
at the tooth tip (a sign of dulling, se¢ also
footnote 2%, p. 65).

2% A typical example of the “'claw™ func-
tion is the grasping of a muscular insertion
through the conjunctiva {see Fig.3.25).
Grasping the sclera creates @ Lssue fold
that reduces the volume of the eye and
raises the intraceular pressure.

2% Unlike the claw, the anchor can grasp
the sctera without raising a fold.

6 This resistance is weak but may suflice
for placing sutures with an extremely
sharp needle. The trident configuraion is
advantagecus in that the tecth need not
penetrate the wound edges,
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Grasping 6
o Tyiug Forceps Fig. 2.42. Tying farceps
‘ ' a Rounded tips cannol pick up a thin
T}}lllg {forceps Sh(":]l!;]j have iﬂ“gdif{ thread from a {lat surface.
side edges to avol_ amage. o deli- b The thread can be grasped only if the
cate suture materials. The tip, how- jaws meet as far as the lip (sharp edges}.
a ever, should have sharp edges so ¢ For handling, the thread is passed over
tpal threads can be picked up from the rounded side edges
\issue surfaces (Fig. 2.42).
The forceps must be held proper-
ly to avoid suture damage. The tip
O area is used only for picking up the
thread. If fine suture material can-
not be grasped seeurely, the blade
closure of the forceps should be
checked. Complete closure may be
prevented by a slightly demaged tip
(Fig. Z.43a), by incarcerated foreign
b material (sulure remnants, fissue :
: : Fig. 2.43. Reasons for inability te grip fine
debris, etc.) .(F!g. 2-43:)- }‘:r c}-”)’ suture material ¥ o grp T
mgrcmnpressxon of the handle a Damage to the sharp (vulnerabled) lip:
{Fig. 2.43¢c). ) A bent edge prevents the jaws from meet-
For further handling the threads ing.
are passed over the rounded side b Closure is prevented by foreign material
edges, although these also can act trapped between the blades.
as “culting edges™ if sudden or ex- ¢ The jaws gape because of excessive pres-
cessive traction is placed on the sure en the handle (see Fig. 2.31b)
— threads. When a thread is pulled
c P R i tightly, therefore, it should not be
stretched over sites having a small
Fig. 2.40. Possible applications of monse- b Small blade opening (about ong tocth radius of curvature (Fig. 2.44).
tooth forceps width): Anchor. Note that the forceps
a Large blade opening: Claw. Closure of must be perpendicular to the tissue surface
the blades produces a fald. for zll the teeth to penelrate evenly.
¢ Blades closed: Trident. When closed, the
teeth profrude to form the points of the
“trident”
;

Fig. 2.41. Applications of 2 multi-purpose
forceps

a Voreeps with mouse teeth, grasping
plates, and a handle angulated at the
plates. The tegth can perform the claw,
anchor, and trident functions described
above.

b The grasping plates at the end of the
foreeps can be used for suture tying, pro-
vided they estend far enough laterally
beyond the teath to preveat fouling.

¢ The angulated grasping plates create
“hall-ring” blades thai can apply traction
to the edges of delicate tissue.

d When closed, the insirument can be
used as a spalula

Fig. 2.44. Technique [or folding tying for-
ceps under a high suture tensfon. Lefi:
Plane forceps. Right: Hollowed-blade for-
ceps.

a Jawconfigurations (cross-seclion: Gray).

b Risk of sulure breakage is minimized
by gripping the thread so that it passes
over the largest radius of curvature.

¢ Risk of breakage is high when the
thread is passed aver sites where the radius
of curvature is small (red)
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MNeedleholders

If a needle is to pass through tissue,
its resistauce in the holder must be
greater than in the dissue. Thus, a
holder for use with heavy gauge
needles that encounter high tissue
resistance must be able to exert a
strong grip, while a holder for fine,
wlirasharp needles must be able to
grip the wire withent danage. When
the needle is grasped, the only
practical way to produce a suffi-
cientty high frictional resistance is
by applying a high pressure, How-
ever, there is a significant danger
of needle stippage or deformation
when a high-pressure grip is used.

The danger of needle deformation
(bending or breaking} is lowest
when the cross-sectional shape of
the jaws conforms to the curvature
of the needle (Fig. 2.45a). However,
this means that cach needle type
would require its own needleholder
for very high precision work. For
practical reasons this solution is
limited to cases in which very fine
ngedles must overcome a relatively
high resistance. Qrdinarily, com-
promise designs are sought which
permit a single needleholder to be
used for mudtiple needle types
(Figs. 2.45d, ¢ and 2.46).

Stippage of the needle is likely to
oceur if the pressure is not applied
at right angles to the needle shaft.
This occurs in a diverging jaw open-
ing (Fig. 2.47). It also eccurs when
the needle is gripped at an oblique
angle to the jaw axis and therefore
the shape of the jaws will determine
the angles at which the ncedle can
be held sccurely (Fig. 2.48).

The appropriate construction of a
needleholder depends on the pres-
sure that is {o be exerted on the nee-
dle. The criteria are more stringent
in cases where a high tissuc resis-
tance will be encountered than
when an ultrashacp needle is passed
through soft tissue. 27

N

Fig. 2.45. Cross-section of needleholder
jaws

a The curvs of the jaws is congruent 1o
the needle curve. The needle retains its
shaps even whea gripped very tighily.

b Jaws with flat inner surfaces contact a
curved needls at only three points.

¢ Closing the flat jaws will canse the nee-
dlo ta bead or break.

& Hollowed jaws make contact at only
two points, so there is less danger of neadle
damage.

e With very fine, fat jaws, the lack of con-
gruence between needle and jaws is negli-
gible, and there is no danger of needle
damage. Yery fine jaws provide very litile
friction and therefere work only with ul-
trasharp needles that encounter minimal
resistance in tissug

X

>\

Fig. 2.46. Multipurpose needicholder for
grasplng fine and heavier gauge needles.
The jaws have a conical ouler shape (nar-
tow at the {ip and wider behind) with a
deep inner groove.

Heavier gauge needles (4) are pripped in
the rear part of the faws close to the hinge
(analogous to Fig. 2.45d).

Thin needles (B) are grasped with the tip
of the jaws (analogaus to Fig. 2.45¢)

27 Needleholders for suturing the cornea
must meet high precision requirements,
while sulucing of the conjunciiva may be
dons with a simple forceps.

Fig. 247, Direction of gripplng vectors in
a needlcholder

a When the jaws are parailel on gripping
the needle, the forces are appliad at right
angles, and theze are no force vecters shat
might shift the nezdle. Therefore the nee-
dle is held securely.

b Closure of the emply jaws in such a
needteholder leaves a gap near the joint
whose sizz (4) determines the needic gauge
that can be held securely.

¢ If there is no gap, the jaws will diverge
when gripping a neadle, preducing oblique
Torce vectors that cause needle expulsion

Fig. 2.48. Angles befween needle and axis
of needicholder handle

a When gripped obliquely (f}, curved aee-
dles tend to shift until the distance be-
tween contact points is minimal, t.e., until
they are perpendicular to the jaw axis A
2.

b In straight jaws therc is just one angle
at which 1he needle can be gripped, That
is the angle (&) between the jaw axis {4}
and handle axis (8).

¢ In curved jaws the needle can be gripped
at various angles (z, 8, ¥} to the handle
axis, However, the ncedle must be held al
different places in the jaws for each of the
various angles to that it witl stay peapen-
dicular o the curved jaw axis (d).

d In hemispheric jaws (spoon forceps with
a “*point ™ axis, see also Fig. 2.36), the dis-
tances belween contact points are equal
in all directions, so the needie can be
gripped at any desired angle to the handle
axis




Fig. 2.49. Cuilng. Tissue [ibers are di-
vided by a highly concenirated pressure
(pressure of the culling edge and covnter-
pressure of the tissue). The propertiss of
the cutting edge determine the guality of
the resuit. The movement of the culling
edge controls the direction in which the
tissue is divided

2.1.3 The Division of Tissues
General Techniques

Tissues can be divided by cuiting,
splitting, or by the removal of mate-
rigd. In cutting, the tissuc fibers arc
divided by a direct and concenirat-
ed application of pressure. This
pracedure divides only fibers com-
ing in contact with the cutting edge
(*sharp dissection™) (Fig. 2.49), so
the surgeon can precisely control
the culling process by guidance of
the cutting edge.?®

In division by splitting (" blunt
dissection™), the tissue fibers are
overstretched to the point of rup-
ture. This technique is effective only
in preformed tissue spaces that pro-
vide anatomic paths of tow resis-
tance. The split is accomptished by
means of a wedge (Fig. 2.50), which
forces the more resistant layers
apart while causing the toose inter-
vening fibers to rupture without
touching them directly. Thus, the
propertics of the cutting edge are
important only in locating a suit-
able level at which to initiate the
split and do not affect the splitting
process itself. The latter, incidental-
ly, is not controlled by the shape

Fig. 2.50. Splitting {blunt dissection}. Split-
ting is suptusing, accomplished by driving
a wedge into a preexisting lissue space.
The effect depends on the width of the
wedge (which determings the farce of the
dissection) and the properties of the tissue
{which define the path of least resislance}.
The leading edge of the wedgs does not
touch the fibers 1o be divided

or movement of the wedge but de-
pends chiefiy on the anatomy of the
interspaces between firmer lissues.
Splitting is appropriate, then, when
the surgeon wishes to be guided by
the properties of the tissue itseil,
without “imposing his will upon
it

The removal of material iying be-
tween the parts to be divided
(Fig- 2,51} is the basic principle of
divisien by sawing, drilling, and
burning. When the divided parts are
reunited, the tissue cannot be fully
restored to its anatomic state be-
cause of the lost material. There-
fore, such techniques generally are
used in ophthalmic surgery onty if
the goat of the operation is delis-
cenice.
28 Whereas splitting can be controlled by
taclile feedback, culling with a very sharp
edge wclies on perfect visbal monitoring
berause of the low tissue resistance.

@@

Fig. 2.51. Diviston of tissue by removal of
material. The tissue is divided by excavat-
ing a “channel™ through it

Fig. 2.52. The Yculting abllity” of an in-
Strument

a A culting instrument consists of a cut-
ting edge and its carrier. The resistance
to the cutling edge (red orrow) determines
the actual cutling abitity of the instrument,
while the 1esistance to the carrier (lateral
resistance, bluek arrows) determines lhe
ability of 1he instrument to peoeirale into
{issue.

b The narrowes the wedge, the lower the
lateral resistange, but the lower the Blade
stability as well. The concave blade (right)
combines high sharpness {low lateral resis-
tance) with high stability (broad back)

Special Problems in Cutting

While in theory the line of an ingi-
sion should follow the exact path
on which the surgeon guides the
cutting edge, in reality significant
deviations occur,  However, by
knowing the factors that alter the
pail taken by a cutting instrument
through tissue, the surgeon can in-
corporale the factors into his oper-
ating plan and still achieve the de-
sired precision, These factors are:
the shape of the instrament, the
properties of the f{issue, and the
guidance of the instrument by the
surgeon. All these factors play a role
in determining the facility with
which the tissue is divided ("' sharp-
ness™) and the path that the cutting
edge follows in the tissue {the shape
of the cuy).

Sharpness is a product of the cut-
ting abitity of the instrument and
the sectility of the tissue.

The cuiting ability of instrunents
(Fig. 2.52) is detenmined largely by
the cutting edge. 1t the edge is a
geometric point or line {with “zero
surface area”), the pressure be-
comes infinitely high when any
force is applied, and the resistance
at the edge, (i.e., the cutting resis-
tance proper) becomes infinitely
low.?? Additionally, cutfing ability
is influenced by the carrier, or the
part of the instrument that holds
the cutting edge. The resistance en-
countered by the carrier, called the
lateral resistance, depends on the

angle formed by the carrier surfaces™

(Fig. 2.521).

The sectility of tissue depends on
the tendency of the fibers to be se-
vered rather than displaced by an
advancing blade {Fig. 2.53a). If the
sectility is low, even a sharp blade
will seem dull, If a blade is passed
through tissue layers of varying sec-
tility, only the layers with high
sectility are cut while those of
low sectility may remain intact
(Fig. 2.53b),

" the waterial from below (here: The punch

Fig. 2.53. The “sectifity™ of tlssues

a Tissue that is vecy mobile tends to shift
ahead of the blade and is not sectiencd.

b Practical importance of sectifity: I a
culiing edge is advanced through succes-
sive tissue layers of diffecent sectility, il
may divide the layer with high sectility
while pushing aside the layer with low sec-
tility

Sectility can be enhanced by any
means that keep the tissue from
shifting ahead of the cuiling edge
(Fig. 2.54):

Counterpressure may be provided
by mechanical supports — the prin-
ciple employed in scissors and
punches. Increased fisswe tension
also prevents tissue fibers from
shifting. Hard eyes, therefore, are
more sectile than soft ones. Coun-

b
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Fig. 2.54. Methods of improeving sectility
2 The jaws of the instrument can support

principle).
b Tissue tension is increased by a high in-
traccular pressure. .

e Tissue tension can be varied by applying
counteriractien with a forceps. However,
this method may cause lissue defonnation
requiring corrective blade movements 1o
obtain the intended cut (s¢¢ also Figs.
5.78, 5.81¢)

% Function test; The absence of surface
area on a properly ground cutling edge
is evidenced visuaily by the absence of re-
flections from it, regardless of the angle
of light incidence. A light reflex on a
ground edge signifies that the edge has a
definite surface area and therefors is dull.
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Fig. 2.55. 1se of forceps traction to controk
seclility In the sharp dissecilon of tissue
tayers

# Difluse tension: Forceps traction pacal-
lel to the tissue surface fenses all fibers
along the plane of the dissection; The re-
sistance to the forceps lraction is corre-
spondingly high. The sectility of all fibers
is increased equally.

b Progressive lension: Perpendicular trac-
tion elevates the everlying layer, and the
fibers that present to the culiing edge are
tensed in progressive fashion. Only the
seatility in that zone s increased.

¢ Selective tension: Reflecting the layer to
be dissected restricts 1ension selectively to
the target fibers. The other fibers are less
sectife and are protected from inadvertent
damage. Because the necessary {ension is
transmilted to only a few fibers, resistance
to the forceps traction is low

[t

tertraction with- forceps keeps the
fibers in contact with the culting
edge, bul il invariably causes tissue
deformation, which must be taken
into account when deciding the di-
rection of the cut. A major advan-
tage of countertraclion with forceps
is the opporiimity 1o adapt sectility
momentarify to the requirements of
a given situation {Fig. 2.55). AN

Sharpness also depends on the di-
rection and speed of the movements
of the blade and hence on the ghid-
ance actions of the surgeon. The di-
rection of the movements increases
cutting ability when it is parallel to
the cutting edge (a *“ pufl-through”™
movement of the blade} (Fig. 2.56).
The speed of the cutting motion im-
proves sectility because it limits tis-
sue shifting through inertial effects.
Even dull blades may seem
“sharp” when thrust through the
tissue at high speed. Rapid blade
motions are difficult to cenirol,
however, and are safe only when
the thrust vectors terminate in
empty space after reaching the tar-
get3? or if their magnitude is lim-
ited by the instrument design. 3?

The shape of the finished cut is
determined by the path taken by the
cutting edge through the tissue.
might be assumed that the catting
path would mateh the path on
which the surgeon guides the cut-
ting edge (the. gnidance path). But
in reality the twe paths coincide
only under certain conditions, i.e.,
when the advancing blade cannot
push the tissue aside. Otherwise the
cut will deviate, and the result will
not conform precisely to the sur-
geon’s intent (Fig. 2.57),

Deviations of 1the cutting path
from the guidance path are the resuli
of asynunetric resistances in the tis-
sue. As the cutling edge advances,
this asymmetry forces the tissue in

Fig. 2.56. Concept of the “pull-through™
coiting action

a With a simple thrusting aclion of the
blade, each tissus fiber encouniers a single
point on the cutling edge (the cutting
poind, red). This aclion drives the cutting
edge into deeper layers, and the cut pro-
gresses in depth.

b If the blade is moved parallel to the cut-
ting edge, each fiber is sucvessively ex-
posed to 1he action of muliiple cutting
poiats. This improves cutling abilily with-
oul deepening the cut

the direction of the higher resis-
tance. In other words, tissue from
the side with the lower resistance
“piles up™ ahead of the blade, and
the cut deviates in the direction of
the Fower resistance.

If a very precise cut is required,
these tendencies must be taken into
account when formulating the oper-
ating plan. Specifically, the causes
of asymmetric resistances must be
analyzed as they relate to the design
of the instrument, the guidance of

3% Examples: Needles, catarict knives.

3! Bxamples: Vibrating knives, ultrasonic
vibrating probes.
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Fig. 2757, Analysis of the cutling process
in terms of preferentlal path, gufdance path,
and path In the tissue. The three [actors
— instrument, surgeon, and tissue — are
characterized by three geometric surfaces:

Preferential path {A): The path 1he insteu-
men? teads to follow by virlue of its con-
struction.

Guldence path (B): The aciual path of the
cutting edge as directed by the surgeon,
charactesizing his intent.

Path in the tissue (C); The result of the
culting process: the cul surface.

Ideally {l2/7) all three surfaces coincide,
and the ¢ut surface matches the surgeon’s
intent. kn reality (righr), the surfaces usual-
ly do not coincide because

- the guidance path does not equal the
prefeeential path if the surgeon does not
guide the cutting edge precisely along
the bisector of the carsier suefaces;

— the path in the tissue does not equal
the guidance path if the tissue shifts
ahead of the cutting edge

Fig. 2.58. Motions with symmetcical Faterel
resistance

a A single, imagiaary cullicg point has
unlimited mobility. That of a real culting
point is limited by the lateral resistance
of its carcier.

b A linear cutling edge describes an im-
aginary surface as it moves. If the lateral
resistance is symmetrical, its motion fel-
lows the bisector of the carricr surfaces
(the “preferential path™). If this path is
a plane (knife) or the surface of a body
of revelution (trephine), there are two nio-
tiens with a symmetrical lateral resistance
{arrows):

- motion perpendicular 1o the culling
edge (thrusting; see Fig. 2.564);

- motion parallel to the culting edge
(pull-through; see Fig. 2.56b).

¢ If the preferential path is a surface of

irregular curvature, 1he only motion with

a symnetrical lateral resistance is thrust-

ing, since any pull-through motion will

create vectors perpeadicular to 1he prefer-

enlial path. Blades of his shape are useful

only in punch-fike mechanisms

Fig. 2.39. Molions with asymmetrical later-
al reslstance. Any motioa of the blade that
does not follow the preferential paih
vreates veclor cemponents perpendicular
to the preferential path, resulting in asym-
metrical lateral resistances, This can result
from lateral shifting of 1he blade (a),
rotation about ihe axis of the culting edge
th, see also Fig 2.74), or rotation about
an axis perpendicutar to the culling edge

. (¢, sez also Fig. 2.75)
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the insirument, and the properties
of the tissug.

The path on which the blade en-
counters symmetric lateral resis-
tances in the tissue is called the pref-
erential path of the cutting edge. It
lies on a plane that bisects the later-
al surfaces of the carrier. This im-
aginary piane does not represent an
aciual carrier surface3? but simply
characterizes the path a blade fends
to follow by virtue of its design. The
motion vectors on the preferential
path can be resolved into compo-
nents perpendicular to the culting
edge (thrust vecrors) and compo-
nents parallel to the cutting edge
{pull-through vectors) (Fig. 2.58). If
a biade is not guided precisely along
its preferential path, the fateral re-
sistance will become asymmelrical,
increasing on one side of the blade
and dwindling on the opposite side
(Fig. 2.59).

This has two conscquences:
Fisst, the cutting instrument is
forced back toward the preferential
path by the tissue. If the surgeon
wishes to keep the blade on the path
initiated, he must apply greater
force. Second, the tissue fibers
ahead of the blade are pushed to-
ward the side of greater resistance,
causing the finished cut to deviate

toward the side of lesser resisiance
(Fig. 2.60).%%

1t follows, then, that the precision
of a cnt is greatest when the guid-
ance path (of the surgeon) is con-
gruent with the preferential path {of
the instrument).** In practical
terms this means that when the sur-

32 [f the cutting edge is a poiny, the prefer-
ential path of the instirument is a geomelric
line,

3 When the surgean becomes aware by
tactife feedback that preater force is
needed ta keep the blade on the inilliatcd
path, he may assume that deviation is oc-
curring.

¥ pramples: A plane guidance pat_h fqr
cataract knives and keratomes, a cylindni-
cal guidance path for trephines,

Fig. 2.60. Deviaticn of the cat due to asym-
metrical lateral resistance. If (he blade is
maneavered so that the guidance path (8)
forms an angle with the preferential Palh
{4), the path in the tissue (C} deviales
from the intended direction (fnsefy acd
tends increasingly 1o follow the prefercr}-
tial path (where the lateral resistance is
again symmetrical).

a Blade guided sl an angle to the prefer-
engial path (outlined in red).

b The tissue ahead of the cutling edge
shifis toward the side with the higher resis-
tance.

¢ The finished cut deviates toward the
side of the lower resistance

)

fagnan

geon wishes to direct the blade
along the preferential path (of the
instrument), it is helpful to maxi-
mize the ateral resistance (either by
selection of the blade shape or the
manner of holding the blade), for

this makes it easier 10 continue the-

cul in a given direction and reduces
the danger of inadvertent devia-
tions {Fig. 2.74).

If the cutting edge is nof guided

along its preferentinl path, as when

curved incisions must be made for
which there is no congruent blade,
it is necessary to cope with the
problems of an asymunetric lateral
resistance. These problems can be
teduced by making the lateral resis-
fance as low as possible. This is
done by selecting a blade with a

small carrier surface-and guiding it
so that only a small part of the
blade enters the Gssue (see Fig.
2.74).

The sccond major source of
asymmetric lateral resistances is’
in the tissue, ,the causes being
cither the structure of the tissue it-
self (nonkomageneitiesy or external
stresses imposed on the tissue by
the surgeon. Both cause incisions to
deviate in typical, predictable ways.

In lamellar tissues, for example,
the resistance o a cutling edge is
lower in the direction of the lamina-
tion than at Tight angles to it. As
a result, the intision is progressively
deflected onto a path parallel o the
tissue layers (Fig, 2.6f). The sur-
geon ¢an influence the tendency to-

N
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Fig. 2.61. Lamellar deflection. a Position
of blade, b path in the lamellae. Eamellar
tissues consist of a regular arrangement
of layers with varying resistances. A blade
directed through the layers at a right angle
(feft) encounters a symmetrical lateral re-
sistance and can advance in the intended
direction. If' the cut is started obliquely
(right), the lateral resistance is asymmetri-
cal because it is higher at the Jamellae than
in the interlamellar space. The path in the
tissue deviates more and more until it ter-
minates parallel to the lamellze in an inter-
lameliar layer, whera lateral tesistance is
again symmetrical

ward fmmellar deflection by regulat-
ing the effective “sharpness™ of the
cut. Bfunt culling conditions (i.e.,
tow cutting ability of the blade
combined with low sectility of the
tissue) promote lamellar deflection
and are advantageous when the sur-
gical goal is the dissection of tissue
layers.®® Sharp cutting conditions
are advanlageous when it is neces-
sary o cat acress the lamellae.*®

Other typical sectile characteris-
tics are found in compliant, resiilent
tissues. When these tissues are
under paiform tension, they tend fo
be pushed forward by the blade
{Fig. 2.62) so that the resulting inci-
sion is shorter than the distance tra-
veled by the cutting edge.*” Conse-
quently, the culling movement
must be carried past the target to
obtain an incision of the desired
Jength,

When compliant, resilient tissue

is under asypmnetric tension, it tends

33 Example: Lowering the intraocular
pressure by medication or by punciure of
the anterior chamber in lameliar corneal
grafting.

¥ Hxample; If the anterior chamber must
be opened when the intraocular pressure
is low, lamellar deflection can prevent the
blade from reaching 1he anterfor chamber
at all. Therefore the intraocular pressure
must be raised,

*7 This explains why penelrating foreign
bodies “cut” openings that are smaller
than their own diameter. Extraction of the
foreign body usually necessitates exten-
slon of 1he entry wound.
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Fig. 2.62. Forwazd shifting tendency. In the
model, a mobile tissue layer loosely over-
lies a substrate of firm tissue. The layers
are adhersnt 1o each other in the gy
zongs.

a The loose tissue layer is shifted ahgad
of the blade.

to shift also laterally, causing the
cut to deviate toward the side of
lesser tension {Fig. 2.63). This
asymmetry of tensions is encoun-
tered whenever loose tissue is fixed
on one side, whether anatomi-
cally,® by scar tissue, or by the sur-
geon himsedf with fixation insiru-
ments.

These shifting tendencies can be
reduced by making the tissue tense
before cutting, thereby increasing
its sectility. However, this intro-
duces yet another mechanism which
may cause the cul to deviate from
the guidance path: issue retraction.
Compliant, restlient tissue will tem-
porarily elongate when tension is
applied to it. Releasing the tension
restores the tissue to its former
shape, and all distances are again
shortened in proportion to the ini-
tial degree of stretch (Fig. 2.64). In-
cisians made in the stretched tissue
are shifted from their original posi-
tion toward the zone of fixation,*?
and excisional defects are dimin-
ished in area. This refractile ten-
dency may become a source of un-

* Example; Fixation of the conjunciiva
at the limbus, fixation of the iris at the
iris root.

¥ Lixample: Shifting of ingisions toward
the limbus or iris root.

b With a shert cutting stroke, the length
of the incision in the firm sublayer equals
the distance traveled by the culling edge,
but the mobile Tayer remains intact (see.
alsa Fig, 2.53), '

Fig. 2.63. Lateral shilting tendency

a [f tensions on the tissug are asymmelri-
cal, ihe mobile tissue will shift ahead of
the cutting edge foward ihe side of higher
tension, i.c., toward the zone of fixation

(gray).

¢ A longer culting stroke incises the mo-
bite layer as well, but the incision is shorter
than the distance traveled by the blade.
Note: When symmnietrical lissue tension is
present, the cut follows the direction of
tha guidance path

b The resulling incision in the mobile
layer deviates toward the opposite side,
away froin the zone of fixation. In con-
trast the incision in 1he firm layer coin-
cides with the guidance path

Fig. 2.64. Tendency of retraction, If the tis-
sue is divided whife slretehed (a), the re-

sulling incision will shift 1oward 1he zone
of fixation afler the tension is released (b)

anticipated changes in ‘the shape
and location of incisions, but it can
also be exploited to achieve specific
goals.*®

Blades with
a Point Cutting Edge

Owing to their great freedom of
movement, “point™ cutting edges
(Fig. 2.65) can preduce incisions of
any shape desired, The preferential
path of the instrument and the
guidance paths are identical in all
directions, and an incision is made
wherever the point of the blade is
directed {Fig. 2.66), A {wo-dimen-
sional effect can be achieved by
making a series of closely spaced
linear cuts (Fig. 2.67).

~ However, as soon as the blade
penetrates more deeply into the tis-
sug, the shape of the carrier becomes
a factor, and lateral resistance is in-
troduced. If the carrier is conical,
this resistance is equal in all direc-
tions (Fig. 2.58a). If the carrier is
prismatie, the resistance depends on
the position of the largest carrer
cross-section relative to the guid-
ance direction (Fig. 2.68). By rotat-
ing the blade, then, the surgeon can
vary the resistance and modify the
“sharpness” of the blade as nceded
(Figs. 2.69, 2.70).

Blades with a point cutting edge
are extremely versalile cutting in-
struments, but they are also very
delicate and subject to rapid wear.
That is why the blades are con-
structed of material that is highly
wear-resistant (diamond) or easily
replaced {razor blade fragments), *!

* Bxample: Bxcising the iris very close to
its base when making a peripheral iridec-
tomy (se2 Fig. 7.21a).

#1 Oaly if the point cuiting edges are used

exclusively in the “throsting” mode, such

as the poinis of keratomes, cataract knifes
or needles, the problem of wear is reduced.

a

Fig. 2.65. Blades with a “point tutting
edge™

Fig. 2.66, Catling characteristics of a pofnt

culting edge. If only the sharp point of
1he blade cuts the tissue (i.e., if the blade
does nof penetrate so deeply that lhe
shape of the carrier becomes a factor), the
fateral resistance is symmetrical in all di-
rections, and the rumber of preferential

‘The Bivision of Tissues "

b

L

& Diamoad knife.
b Razor blade fragiment in a holder

pathsisinfinitely large. Culting conditions
are ideal in almost alf guidance directions,
ie., the preferential path and guidance
path are congruenl. The surgeon can use
the point cutling edge like a peacit to
“*draw’ an incised line of arbitrary shape

Fip. 2.67. Technique of using a polnt cutting
edge. A plane of sharp dissevtion can be
cstablished by making a series of closely

spaced lincar incisions. The resulting cut
susface has a “hatched* appearance
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Fig, 2.68. Lateral resistance of blades with
a point culling edge

a With a prismatic carrier, the lateral re-
sistance increases with the widlh of the
blade surface projected in the guidance di-
rection, Thus, lateral resistance is maximal
when the widest blade sucface is perpen-
dicular to the guidance ditction (8,) and
minimal when 1he widest blade surface is
parallel to the guidance direction (B,

b Lateral resistance can be changed frem
maximal (Jef?) to minimal {right) stmply
by rotating the blade. B: Guidanes direc-
tion

2.6%

Fig. 2.6%. Modifying the Fateral resistance,
fllustrated for the dissection of lamelize
fused by scar tissue, The blade is kept on
the interlameliar plane by directing it in
“Blunt® Fashion (sce Fig. 2.68b, feft). To
overcome the higher and irregular resis-
1ance of the scar (gray), the blade is rotat-
edinto a “sharp™ position (ses Fig. 2.68b,
right)

Fig. 2.70. Modifying the lateral reslstance,
llustrated for inserting a Blade inte a precut
groove. The blade needs to be insecled se
that the cuiling edge will reach the base
of the groove withoul injuring the walls.
This is done by helding the blade with
its broadest surface perpendicular lo the
guidaace direction, thereby decreasing its
effective sharpness. At the base of the
groove, maximal sharpness is needed to
degpen the incision, so the blade js rotated
until its broadest surface is paralie} to the
euidance direction (red arrow)

Knives with a Linear Cutting Edge

Knives are characterized by a linear
cutfing edge. Different blade con-
figurations (Fig. 2.71) differ in the
longitudinal profile of the cutting
edge, which determines the angle at
which each cutting point attacks the
tissue (Fig. 2.72), and also in the
shape of the carrier surfaces, which
determines the lateral resistance
(Fig. 2.73).

Fig. 2,71. Knives with Hoear cuiting edges.
Top row: Calarac] knife, keratoma, scal-

I
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pel_. Bottom row: Serrated knife, hockey
knife, circular knife

Fig. 2.72. Attack ingles of various blades.
A pure thrasting motien js possible only
wilh a straighi, linear cutling edge; a pure
pull_-thmugh motion can be made with
straight as well as circular edges. For all

other edge shapes, every blade motion
produces a combinalior of both veclors.
In the serrated edge (baitem), Lhis princi-
ple is exploited most fully to maximize the
cutling ability of the blade
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Fig. 2.73. Preferential paths of linear
blades

Top rew: All symmetrically ground blades
have a plane preferential path regardless
of the shape of the culting edge.

Bottom row:  Asymmetrically geound
blades have a plane prefercatial path only
if the culting edge is straight. This path
is off-angle to the main carrier axis, how-
ever, and if the edge is directed along this
axis, it will encounter 2n asymmetrical lat-
eral resistance (fef1). Asymmetrical blades
with a curved culting edge differ from sim-
ple knifes in that their preferential path
is arched (righf). This is not a problem
if the blade is used at tissue surfaces, but
if it penetrates moes desply the cuiling
properties become complex .

When the lateral resistances on
the blade are symmetrical, the re-
sulting cut surface is a plane. A
straight incision, then, is obtained
by holding the blade such that a
maximum ameunt of blade surface

S

comes between the edges of the inci-
sion. For a curved incision, on this
other hand, only a small amouri
of blade surface should.penetratie
the tissue (Fig. 2.74). When the ¢
rection of the incision is changed,

L 1

Fig. 2.74. Blade position for making curved
Iacisions. To obtain a curved cut surface
that differs in shape from the plans prefer-
ential path, lateral 1esistance must be min-
imized, Left: An upright blade position
decreases lateral resistance and allows the
incision 1o be curved. Right: A low blade
position tends to preduce a straighter cut.
A, A" length of blade immersed in gissue

the smoothest cut surfaces are ob-
tained by turning the blade so that
the cutting edge itse!f forms the axis
of rotation (Fig. 2.75).

Eig. 275, Axis of rotation for direction
clangs. If the cutting edge itsell forms
tke aiis of rotation, a smooth cut surface
is produced (fi). But if the culling edge
is off the axis, cach cutting point has a
dilterent radiu of rotation, and an irregu-
Lar eut surface is oblained {right)

Scissors

The cutling properties of scissors
are quite complex in that the com-
bination of twe blades does not
stimply represent the sum of their
individual cutting properlies bui
forms an cnolirely new instrument
with unique characteristics (Fig.
2.76).

A scissors can divide tissue in
three different ways:

— by ¢closing the blades
— by opening the blades
— with the tip of the blades.

Fig. 2.76. Types of scissors. A scissors con-
sists of two opposing blades connected by
a screw joint. The handles and blades can
be combined in various ways, The posilion
of the joint deternines (he maximum al-
lowable blade curvature. The guidance
path (en which the cutling edpes are
guided during the working motion) is de-
termined and constrained by the construc-
tion of the insirument. White areas out-
lined in red: Guidance path of blades dur-
ing opening. Red area between the blades:
Guidance path during closure. Arrow:
Guidance line of blade tips,

2 Slraight scissors with ringed handles
and simple screw joint. The guidance path
is plane.

b Angled, curved scissors with a spring
handle. The guidance palth is the surface
of & cone.

¢ Hinge-handle scissors  with  deeply
curved blades. ’

4 Relation betwsen blade cuevature and
joint position. The bladz cueve is the maxi-
mum possible when the tangent to the
blade tip (red fine) is parallet to the joint
axis {broken line), Al greater curvature the
blade tips will meet before the scissors is
completely closed. With a simple screw
joint, the maximum allowable curvaiure
is 90° (/eft); with a hinge handle, 180°
(right) -

The Division of Tissies 5
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Fig. 2.77. Principle of culting by clesure of
the sclssors

a The ground edges of the blades meet
at the cutting point, formed by vector
companent 4 pespendicular to the joint
axis {closing motion of scissors) and vee-
tor compeneat B parallel to the joint axis
(shearing siress).

b The cuiling point moves forward, divid-
ing the tissue presented Lo it by the closing
blades. Meanwhile the tissue is held steady
by the squeezing action of the biades (sym-
bolized by barbs in the drawing)

Note: The edges of the blades are actually
blum*?

Fig. 2.78. Analysis of production of shear-
Ing siress

a The stress keeps the cdges of the blades
pressed logether.

b Spring tension is created by the camber
of the blades. The side view clearly shows
that the blades meel only at a single point.
A block (red) on the opposite side of the
joint helps to maintain 1he shearing stcess.
Left: Scissors closed; right: Scissors half-
open.

¢ Open scissars showing the position of
ihe block (red)

Cutting by Closing the Blades

In this, the basic mechanism of
stissor cuts, the tissue is divided by
a cutting point (Fig. 2.77). The pref-
erential path then is a line that can
assume arhilrary shapes.*? Scissors
are extremely versatile, therefore.
However, they cut with a cuiting
point only in very thin (“two-di-
mensional”) tissue layers such as
conjunctiva, lens capsule, iris, and
cornea thinned by partial-thickness
incision. In thick tissue layers such
as ull-thickness cornea and sclera,
there is a phase, prior to formation
of the cutting point during closure, in
which the properties of the two in-
dividnal cutting edges predominate.
The preferential paths of the cutling
edges are not lines but planes which
cut in a direction different from
that of the cutling point.

The cutting point is formed by the
two blade edges pressing against
cach other during closure (Fig.
2.78). One vector compoenent of the
pressing force is created by the
shearing stress associated with the
scissors construction, the other by
the closing action itself. The shear-
fnig stress is created by the camber
of the blades and is reinforced by
a block on the opposile side of the
joint.** This stress largely deter-
mines the cutting ability of the
scissors, since a culting point exists
only if the force pressing the edges
together is greater than the tissue
resistance pushing them apart.**

The profile of the scissors cuf re-
sults from the mevement of the cul-
ting edges againsl the cutling point
and the concomtitant tissue niove-
ments induced by the action of the
instrument. The blade edges them-

-
=

selves are blunt. They exert a cut-
ting action only if they crush the
tissue sufficiently to increase its sec-

42The finish of the blade edges serves
mainly to ensure a smooth working ac-
tion. Some roughness is acceptable since
the friction will prevent tissue slippage and
thereby enhance “*sharpness™ {principle of
seerated hairdzessing scissors).

43 Thus, scissors function neither by the
“bite™ mechanism where two linear cut-
ting edgges simultaneously appose for their
fuli Jength nor by the ** punch” mechanism
where a lincar culting edge s pressed
against a basc.

+1In scissors that do not have this block,
tension must be maintained by manual
pressure. Such scissors are usually de-
signed for right-handed use; lefi-handed
operalors require special models.

4 Thus, the cutting abilily of the scissors
cannoti be judged by visual inspeciion of
the blade edges. This can only be lested
by function, i.e., making trial culs in a Us-
suc-like material (such as a soft, moist
paper towel).

Fig. 2,79, Proli% of a sclssors cut. Both
the culling point and the culting proper-
lies of the blades are important in 1hick
tissue layers. In all scissors, an angle exisis
between the guidance direction B and the
prefesential path of the edge A.*% This re-
sults in an S-shaped cut whose curvalure
depends on the resistance, mobilily, and
thickness of the lissue. Note: The obliguity
of the guidance path B results from the
camber of the blades

/3

Fig. 2.80. Pretmlaary thineing of Hssee
layers

& Preliminary cutting with a knife yields
a straight cut profile.

b If the preliminaty cut is compleled with
& scissors, the new cut prefile {s not
~straight like the knife cut but is curved
in accordance with the culting properties
of scissors.

tility. Because the guidance path of
the scissors does not coincide with
the preferential path of the edges,
l!‘lB profile of a scissors cut in thick
tissue is S-shaped (Fig. 2.79). The
thicker the tissue layer to be di-
vided, the more pronounced this

curvature (Fig. 2.80). The cut pro-

fite is also affected by the **sharp-
ness™ of the cutting process and by
the mobility of the tissue layers.

N
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€ The result is always a **step” in the inci-
sion,

d The size and shape of the step depend
on the {hickness of 1he tissue layer left by
the preliminary cut. Three examples show
the resulls with superficial {top), medium
(center), and deep (bottorms) preliminazy

- culs

Both factors change as closurg pro-
ceeds. At thestari of the cut, when
the blade angle is karge, tkey are not
the same as at the conclusion when
the blade angle is sniall. The cut
profile changes accordingly.

-

‘f‘ Remember: The prefereatial path of the
single blade is the bisector of the ground
edges.

17
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Fig. 2.81. Analysis of sclssors closure

a Closure of the scissors produces the sev-
ond vector component needed to form the
custting point (fop). As this poinl moves
forward (center), the aperiure angle be-
tween the blades, and thus the angle of
altack at the tissue, is progressively re-
duced (bottom).

b As closure proceeds the interblade arca
(red) diminishes, and the danger of inad-
verteat tissue lesions is reduced.

¢ The amount of tissug lying belween ihe
blades {gray) increases, and with it the re-
sistance to closure. The tissue tends to
shifi ahead of the cutting point.

d The immersed blade area (gray) in-
creases, and there is a proportional fn-
crease in fateral resistance. Lateral dovia-
tions of the blades become more difficult.

¢ The laver arm between the joint and cut-
ting point (solid red fine) lenglhens (broken
red fine), while 1he lever on the other side
of the joint {the handle side) remains con-
stant. As a resuli, progressively less force
is teansmitted by the fingers

The longltudinal scissors cut is
produced by forward motion of the
cutting poeint. When the blades are
held at a fixed angle, this advancing
moticn can be produced sitply by
pushing the scissors forward; the
shape of the cut then conforms pre-
cisely to the guidance niotion of the
operator, This can be successfully
done only with a low, uniform Lis-
sue resistance.

When tissue resistance is high,
the cutting point must be advanced
by cfosure of the scissors (the work-
ing motion) (Fig. 2.81a). The cut-
ting point moves forward along the
blade edges, producing a cut whose
shape conforms to the curvature of
the blades.

During closure of the scissors,
the aperture angle of the blades de-
creases while the amount of tissue
between the blades increases. As
this occurs, the tissue offers mount-
ing resistance to blade closure, and
there is increasing resistance to the
advance of the cutting point (Fig.
2.81¢).47 The lateral resistance also
rises, making it more difficult to
change the direction of the cut
{Fig. 2.81d). Meanwhils, the force
transmitted to the cutting point di-
minishes (Fig. 2.81¢). Consequent-
ly the sharpness and versatility of
the scissors decline steadily as clo-
sure proceeds.

If the proposed shape of the cut
is to conform to the shape of the
blades, the cut can be performed in
one maneuver by a simple closing
movement of the scissors. The ris-
ing lateral resistance is advanta-
geous for it helps to kecp the
scissors on the intended path.

47 This working rtesistance is directed
against the advance of the culling point
and against the squeezing aclion of (he
blades, i.c,, against movements with for-
ward-directed  veclor components. It
causes the lissue 1o shift toward the blade
tip, and the final cut is shorter than
planned. So with a high resistance, the
scissors must he forcibly Lhrust forwazd
to press the tissue against the culting point
and aveid undesired shortening of the cut.

Fig. 2.82. Reapplying the scissors when cut-
iing in steps

a Incomplete closure of the blades leaves
a partially divided wedge of tissuc.

b ‘When the blades are reapplied, their ap-
ertuze angle is larger than the angle of the
tissue wedge.

¢ If the guidance direction is changed
when the scissors is reapplied {narrow ar-
row), the padially divided tissue wedge
creates a serration.

d This is avoided by first continuing the
cut in the original direclion (wide arrow)
alter reapplying the scissors, and not lurn-
ing 1he scissors in the new direciion until
the lissue wedge is completely divided

But if the shape of the cut is to
deviate from the shape of the
blades, it is necessary lo combine
the closing motion with one or
more guidance motions, Here it is
advantageous to maintain a large
blade aperture, for this reduces lat-
eral resistance and makes it easier
to change the direction of the cut,
A large aperture angle is main-
taincd by only partially closing the
scissors and then reapplying it to
the tissue with the blades widely
opencd, However, with each reap-
plication of the scissors and thus
with each abrupt change in fhe aper-
fure angle, there is an associated
change in resistance and tissue mo-
bility. The result is an abrupt
change in the profile of the cut. This
serration effect rclates to the work-
ing motion of the instrument and
is unaveidable when the cut is per-
formed in multiple steps. Another
type of serration is based on guid-
ance motions, and this type can be
avoided by carefully following the
original direction of the cut when
the blades are reapplied 1o the tis-
sue (Fig. 2.82) and by avoiding
complete closure of the blades
(Fig. 2.83).

Fig. 2.83. Serration effect on complete clo-
sure of the scissors. If the scissors tip pene-
trates completely into the tissue, its tead-
ing edge acls as a cutling edge and pro-
duces a small Iatecal cut

The Diivision of Tissues 79
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In summary, the adventages of
the scissors cut are versatility, or the
ability to make cuts of arbitrary
shape, and the effective sharpness
provided by the crushing action of
the blades, which keeps tissues from
shifting away from the culling
point. Another advantage is safefy,
since the instrument will divide only
tissue lying between the blades.
This eliminates the risk of inadver-
ten! lesions outside the interblade
area (Fig. 2.81b); the safety margin
can be increased by cutting with a
small blade aperture. *®

The disadvantages of the scissors
cut correlate with the thickness of
the tissue to be divided. Conse-
quently they can be reduced by
making a preliminary, partial-
thickness incision in thick tssue
layers. The thinner the remaining
layer, the lower the resistance, and
the more regular the profile of the
finished cut (Fig. 2.80d). A thinned
tissue layer actually maximizes the
advanlages noted above.

Cutting by Opening the Blades

In this technique the scissors cut
with the back of the blades. This
converts the scissors to a bl in-
strument suitable for the splitting
(blunt dissection) of preexisting tis-
sue spaces. Their advantage over
simple wedge-shaped instruments is
that each biade utilizes the resis-
lance produced in the tissus by the
opposing blade, so this technique
can open spaces that are crossed by
extremely distensible fibers.*® Al-
though the shape of the resulling
“eut” depends chiefly on the path
of least lissus resistance, it is pru-
dent to adapt the guidance path of
the blades (by the choice of blade
shape and position) to the intended
shape of the cut to avoid uninten-
tional trauma to surcounding tis-
sues.>®

Cutting with the Blade Tips

Cuiting with the blade lips may just
involve the final phase of cutting by
sclssors closure, in which tissue is
sectioned by the cuiting point.
the outermost ends of the blades are
to be used, a scissors is required
whose ground edges extend all the
way to the tips (i.e., sharp or semi-
rounded scissors, Fig. 2.84A, B).
But cutting with the blade tips in
a strict sense means using them as
instruments in their own right. They
can be Hirust forward into tissue as
« prelude to cutting by opening or
closing the blades: Sharp poinis can
force their way through the tissue
in the guidance direction,* while
biunt tips behave as spatulas and
will not damage surrounding struc-
tures when the blades are intro:
duced into cavities or spaces.®?
When moved in the lateral direction
{(movement effected by opening ot
closing the blades), the tlips behave

Fig. 2.84. Shapes of scissors tips -

as blunt or sharp instruments de-
pending on their shape and posi-
tion. Sharp tips act as point cutting
edges regardiess of their direction
of motion (Fig. 2.84A). They pro-
duce linear incisions and differ

3% Rramplé: Trimming suture ¢nds after
tying. Cutting with the scissors almost
closed (L., cutting close to the tip) reduces
the risk of damage to lissues or other
thrgads.

49 Example: Separation of eplscleral fibers
in operations for strabismus ot retinal de-
lachment (see Fig. 4.11); separation of
egitet'ma[ membranes in vitreclomies.

50 Example: Tn enucleations, kesions of or-
bital tlissue are avoided by using curved
Blades and holding the scissors snugly
apatost the globe when opening them.

51 Bxamples: *Pointed " scissors for pane-
tcating the lens capsule; piering the iris
for iridotomies.

52 Eyamples: Muscle scissors for advasnc-
ing along the globe surface in the episcleral
space; corncal scissors for in{roduction
into the antetior chamber (see Fig. 5.53).

Shape of blade tips
Ground edge extends to
extremity of blade?
Action of blade tips when thrust into tissue
— with blades epen
{preparatory 1o cuiting by
closure of scissors)
- with blades closed
(preparatory to cutting by
opening the scissors)

Cutting actions of tips dusing working mation:

- closure of scissors
— opening of scissors

sharp semirounded  rounded
yis yes no
sharp mostly sharp  blunt
sharp blunt olunt

sharp sharp Dlunt
sharp biunt blust

Red dors: Bads of the ground edge; thim arrows: “Sharp” movements of {his tips;

thick grrows: Blunl movements.

T amEy ey

from free point cutting cdges only
in that their path is limited by the
canstruciion of the scissors. Round-
ed tips are blunt in any direction
(Fig. 2.84C). The cutting ability of
semirounded tips depends on the
!eading edge: The tip is blunt dur-
ing opening but sharp during clo-
sure {Fig. 2.84B). In addition, the

Fig. 2.85. Cutting with the blade tips

a When a sharp-pointed scissors is uscd
to cut fibers (gray) on hard underlying tis-
sug (white) (e.g., episcleral fibers on the
sciera), the cutting edge can meet the tissue
ﬁhefs at any angle and can make a sharp
cut in any position {thin wrow).

e{:feclivc sharpaess dueing cutting
with the blade tips depends on the
position in which they are held:
While sharp points will cut tissue
\-::ith the scissors held in any posi-
tion, thicker-bladed scissors must
be applied perpendicular to the tis-
sue surface (Fig. 2.85).

b With neapointed tips, the culting poiat
(red) stands away from ihe fibers by the
thickness of the blade, and the 1ips behave
as I?lunt insteuments (rhick arrew). The
cutting peint can act on the fibers directly
only if the blades are applied perpendicu-
lar to the tissue surface (see Fig. 4.13)

b
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Suction Cutters

Syction culters are miniaturized in-
struments that combine the func-
tions of grasping cutting, and
{ransport in a very small volume
(Fig. 2.86}. The working end of the
instrument contains an aspiration
port, & resection port, and a frans-
por! channel. If space permifs, fluid
inflow can be provided through a
coaxial sleeve (suction infusion cut-
tex).

These miniaturized instruments
are not easy 1o monitor because
there Is no tactile feedback from the
cutting action; visual feedback
must be based on the observation
of the effects in the tissue 5% and this
means that it will be too late 1O
react in case indesived effects occul.

Consequcnliy, ong must antiei-
pate the results and predicl them
based on the knowledge of the func-
tional characteristics of the instyu-
ments. In order to determine the re-
quirements as (& instrument design
and handling, one should define
whether the goal of a given action
is cufting or traction.

Cutting Ability and Sectility

The cutting action oceurs at the 7e-
seclion port, where the tissue is pre-
sented to the cutting edge. The re-
section port may or may not be
identicat with the aspiration port,
that is, the narrowest site in the as-

Fig. 2.86. Suction calling instruments

Colunn 1: Instruments with a rotary €ut-
ting action (continuous of osciltating).
Colwnn 2: Inslsuments wilh a reciprocats
ing {axial) cutting action.

Row a: Instruments in which the resection
port and aspiration port are the same
{“sipping” aclion).

Row b Instruments ist which the resection
pors is separated from 1he aspiration port
by an antechamber (“nibbling" aclion).
Row ¢; High-fregueacy \ibratoss {emulsi-

fiers}).
Red: Cutling edges
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Fig. 2.87. postion of the inlet in suctlon

cutters

Left:1n solary-aclion cuiters, ihs inlet can

be located close 10 the tip. This makes it
csible to cui close to tissue surfaces 1ying

chead of the ip-

piration system which may be o¢-
cluded by aspirated tissue.

For cuiting the tissue js divided
by a punch mechanism which re-
quires that the cutting edges meet
for their full lengih under uniform
pressure.

Only motions accross the resec-
tion port are effective for cutling.
Rlade excursions beyond the aper-
ture may merely cause side-eftects
because i CASE of insufficient
sharpness the blade pulls wndivided
fibers that transmit traction 1o sur-
rounding tissue. The length of blade
excursions, therefore, is critical in
instrument desigh: Rotary actions
have an infinitely long travel and
consequently pos® high risks. BY
contrast, the amplitudes of an oscil-
lating oFf “chopping” action
whether about the central axis (Fig.
9 87-1) or along the axis (Fig. 2.87-
2) — can be kepl al # mininiuem.

Tor immabilisation of the tissue in
front of the cutting edge either
aspiration by occlusion, enclosure,
or ineriia can be used. Aspiration
by oeclusion is suitable if the sub-
sirate is sufficiently compliant (Fig.
2.88).55 Here the agpiration can

Right: Cutlers with a reciprocaling aclion
have a side opening placed some distance
back from the tip. The mrinimusm distance
A depends on the amplitude of the cutting
motion

gerve further to increase the sharp-
ness of the cutting aclion: In instru-
ments whose culling edge passes di-
rectly over the aspiration port, 30
{hat the aspiration port and the re-
section port are identical (Fig.
2 8%a), (he suction makes the tissue
tense usitis presented to the cutting
edge and thus improves its sectility.

——

% Dug to the short and rapid travel the
movements of the blade are invisible.

35 This mechanism is entirely different
feom he seissors mechanism in which the
blades meet at & single point and, by their
relative movements, drive the cutling
point forward {sce Fig. 2.77). Full edge-to-
edge contact Tequires precision enginger-
ing. Instruments whose reseciion port is
al the front of the tip pose the fewest lech-
nical problems (Fig. 2.86-1) since the cul-
ting edgs can be pressed forward against
Ihe opposing edge by 2 spring mechanism.
Any frictionat weat is advantageous as il
jmproves the pressure and contast be-
wween the cdges. Tn side-cutting instru-
ments (Fig. 2.86-2) il is more difticult to
press the cutking edges together by active
foroe, and wear degrades 1he contact be-
Lween (he edges over time.

55 Note: In this technique the aspimtion
port is occluded by the material 10 be as-
pirated, so there is no danger of inadver-
tent aspiration of neighbuoring tissue.
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Tmmobilisation by enclosure is
used for tissue thal will not occlude
the aspiration port because of its
firm consistency. For this purpose,
instruments are used in which the
aspiration port and the resection
port are separated by an ante-
chamnber (Fig. 2.86D). The geometry
of the antechamber is such that ma-
terial introduced into the chamber
cannot evade the cutting edge (Fig.
2.89). Here, suction does not con-
tribute to grasping the tissue.®®
Also suction does nol increase fis-
sue tension. The only way then to
fmprove the sharpness of the cut-
ting process is to increase the speed
of the cutting motion. Note: The
critical factor is the speed of the in-
dividual stroke, which does not nec-
essarily corrclate with the cutting
frequency. 37

Immobilisation by inerlin: The
principle of high-speed cutting finds
its extreme application in wifrasonic
vibrators. These instruments oper-
ate at such high speed that the tis-
sue is held in place for cutting pure-
Iy by its own inertia. The effective
“sharpness™ of the cutter depends
critically on speed, so much so that
the characteristics of the cutling
edge are of minor importance.
There is not even a need for an op-
posing edpe, so the ultrasonic vibra-
tor may consist of a simple open
tube.

The appropriate excursion of the
vibrator tip depends on the mass
of the tissue to be resected. If the
excursion is too small, the cutting
action is poor. If tao large, only a
portion of the applied encrgy goes
into dividing the tissue; another
portion  produces  concomitant
movements of the particle, which
may even be transmitted fo the en-
vironment, Therefore, as the tissue
mass is debulked during the proce-
durs, the tip excursions should be
reduced accordingly so that the tis-
sue continues to be divided rather
ihan shaken.

Because part of the applied ener-
gy is converted to heat, continuous
cooling irrigation shoutd be main-
tained to avoid damage to sur-
rounding tissues. This complicates
volume regulation and makes the
chamber more susceplible to the ef-
fects of external forces (see Fig.
t.5¢cand £.7).

The Control of Cuiting and Traction

Whether cuiting or traction shall
predominate in the instruments ac-
tion depends on the refation be-
tween frequency aud suction.

For a given level of suction, the
frequency of the cutting motion de-
termines the tissue volume that is
resecled  per  operating  cycle.
Changes in the cutting frequency,
therefore, may require a riodifica-
tion of the suction. If the suction is
too high relative to the cutling fre-
quency, too much lissue is drawn
into the tip before it is divided, and
the instrument mainly exeris trac-
tion on surrounding structures. If
the suction is oo low relative {o the
cutting frequency, there wilt be in-
sufficient time to present enough
tissuc to the cufting edge, and the
instrumeni will have no effect.
Therefore, the rules for repulating
the culting freguency at a given
force of suction are: If the goal is
to avoid any traction on tissues,*®
the cutting frequency should be
high initially and gradually reduced
until a visible cutting action is ob-
tained. But if the tactical goai is
traction,*® one should start with a
low frequency, observe the effect,
and begin cutling only when il is
approptiate 1o discontinue the trac-
tion.%®

The main danger in the use of
suction cutiers is unplanned trac-
tion because this may act on sur-
rounding tissue and cause damage
at unexpected sites. The general
safety stralegy, then, aims at pre-
venting unplanned traclion alto-

gether and minimizing the conse-
quences in case it should occur in
spite of alt precautions. This means:

— instrument deslgn with shert
travel of blade

— instrument setting with high cut-
ting frequency at the beginning
and decreasing gradually de-
pending on the requirements of
a specific situation

— instrument positien at sufficient
distance from critical areas be-
cause side-effects will be noted
only after they have occurred.

56 This applies to “nonocccluding ™ materi-
al. Comnpliant tissue wil} be sucked into
the tip despite the presence of an ante-
chambsr, Here aspiration serves mainly to
deform the tissue so that it will fit through
the antechamber.

57 Byven with a low frequency, the individ-
ual stroke may be very fast.

S8 B g, in a vitrectomy.

39 1 g., for the renzoval of catacactous lens
matter.

9 The problems related {o ultrasonic vi-
brators wil be described in chapter 8.3.3.

Fig. 2.88. Grasping of pilable material

a Aspiration by occlusion: Tissue fibers
are dravn inlo the aspiration port and are
simullaneously made tense for sectioning
by the cutling edge. Sectility, then, can be
improved by increasing the suction.

b In cutters with an antechamber, he site
where 1he tissue is grasped (aspiration by
occlusion at the narrowsest diameter) is
separated from the cutting edpe. As a re-
suli, tissug tension at \he aspiration port
dues nol provide effective tension at the
resection port, and sectility is not en-
hasiced by increasing the suction.

¢ Ultrasonic vibrators are inefective on
material having a high compliance and
low inass, because the vibrating tip will
push the tissue aside rather than cut it

Fig. 2.89. Grasping of rigid inaterial

& Aspiration by occlusion is ineffective for
grasping rigid materal, for the latier can-
net conform to the aspiration opening.
‘Thus, 1he instrumen? cannot cut maleriat
whose cross-section is greater than thal of
the aspiration port. .

b Instrunxents with an antechamber can
cut tissue that fits into {he chamber, Nore:
Suction does not improve the grasping ef-
fect. It only increases the risk of inadver-
tent aspiration of surrounding tissue be-
cause Lhe suction port is not oceluded.

c ngh-fmquency vibrators are effective
cutting  instruments con firm material .

whose inerdia keeps it from being pushed

aside ,

I
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Needles

Needles consist of a cutting compo-
nemt (ead) which forms the suture
track, a handle (shafr) by which the
needle is held, and an epe through
which the sulure material is passed
(Fig. 2.90).

The ¢ross-section of the needle
track depends on the arrangenent
of fhe cutling edges, each of which
cuts ifs own path through the tissue
(Fig. 2.91). Thus, a three-edge head
makes three cuts, each in the direc-
tion of the corresponding preféren-
tial path. A two-edge head makes
two cuts on the same plane. A
round-bodied (edgeless) needle tears
a channel through the tissue. Nee-
dles whose heads have a larger

cross-section (han the parts that
follow produce a large-diameter
track and decrease the resistance (o
passage of the shaft and thread.

The longltudinal profile of the
needle track corresponds to the park
of the needle fip. Being a geometric
point, the needle tip can in theory

A v

Fig. 2.90. The parts of a needle. A surgical
needle consists of a head (pointed tip and
laleral culting edges), shaft, and eye

be guided in any direction. Bul in
practice: ils mobility is limited by
lateral resistance, which varies with
the configuration of the preferential

Fig. 2.91. Shapes of needle heads. The ar-
rangement of the laleral cutting edges and
their preferential paths determine the
cross-seclional shape of the neadle track,

Top row; Crass-section of needle head.
Middle row: Three-dimensional drawing
of head with the preferential paths (red
outlineg),

Bottem row: Cross-section of resulling
needle tracks. Red dot corresponds te the
position of tip and thus 1o the surgeon’s
intent.

Round heads (left) penctrate tissue by
blunt dissection. The cross-seclion of the
track follows tissue interspaces of least re-
sistance.

Heads with three cuiting edges {center)
have thr¢e lateral preferential paths and
cul a track with a Y-shaped cross-section.
The cross-section of the lrack may extend
upward (center lefty or downward from
the center of the Y {cenrer right) depend-
ing on the position of the vertical edge.
The three-dimensional acrangement of the
preferentiai paths creates lateral resis-
tances that stabilize necdle guidance.

Heads with two cunting edges (right) form
a slitlike track whoss central axis corre-
sponds o the path of the needic pojnt.
The preferential paths of 1he two cutling
edges are congruent, so there is relatively
listle resistance to lateral deyiations, This
Lype of needie head can easily lacerate the
lissus (right) unless it is guided strictly par-
allel to the tissue surface (lef7)

Fig. 2.92. Length of the shaft. To preserve
the delicate head and eye, the needle is
gripped only by its shaft or “handle.” The

paths of the lateral edges (Fig. 2.91)
and with the shape of the shaft.

Lateral resistance is fowest when
the path of the needle tip precisely
follows the curvature of the shaft,
i.e,, when the needle shape is per-
fectly congruent with the planned
suture track (Fig.2.93a, b). In
practice, the shaft must be some-
what tonger than the suure track
so that il can be easily grasped by
the needleholder during suturing
(Fig. 2.92). The effect of this incon-
gruity is increased lateral resistance
when the shaft is passed through
the tissue, causing deformation of
the tisswe or the needle (Fig. 2.94).
This places correspondingly high
demands on needle stability: the
greater the incongruity between the
needle and the suture track, the
higher the tissue resistance, and the
more stable the needle must be.
Conversely, the finer the needle, the
more closely its shape should con-
form to the planned suture track
(Fig. 2.95).

The optinmum shape of the eye
depends on the thickness of the su-
ture material (Fig. 2.96), since the
addition of the thread diamecter

shaft must be long enough 1o be grasped
by the needleholder {dlack) during inser-
tion and emergence of the needle

should not significantly increase the
tolal cross-section. The extremely
fine threads used in microsurgery
pose no problem in this regard, so
the advantage of “atraumatic” su-
tures lies more in their convenience
(no threading) than in a true techni-
cal superiority.
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A=B
A

i

ks

a

d

Tig. 2.93. Psoblem of Incongeuity betneen
the needle shape and proposed suture traci

a The proposed suture tract is semiciren-
fag, i, the distance from (he wound edge
(A) equals the suture depih (8).

b A necedle perfectly congruznt 1o the
planned sufure tract cannot be insered
completely nor withdrawn with a needle-
holder,

© A neadle can be grasped only if it is
longae than the tract. Lut then the radius
of curvalure is also increased, If (his nee-
dlg is inseried to the planced depth (8),
the bites will be longer than intended {4).

d If the same needle is inserted and with.
drawn al the plained dislances from the
wound margin (A4}, the track will be more
superficial than infended (B)
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Fig. 2.54. Solving (ke incongruity problem

a The proposed semicircular track is most
closely approximated by two segments of
flatter cusvature that ate made by insert-
ing and withdrawing a longer needie at
the planned entrance and esit sites jn each
wound lip.

b If the needle were allowed to follow its
prefercntial path afles insertion in the first
wound lip i1 would emerge too far from
the wound ling at the second wound lip,

¢ This is avoided by tipping the needle
backward before passing it up through the
second wound margin.

d If the needle is not strong enough, it
will bend when this maneuver is attempt-
ed.

e If the needie can overcome the tissue
resistance, the wound margins will deform
instead of the needle.

f As a compromise, the neadle can e
passed in two steps: It is broughi cut
through the first wound surface and then
reinserted into the opposing wound sur-
face. So rigid tissue is nol deformed by
1he needle itsll, but is beat manually with
a strong grasping forceps. The difficulty
in this procedure is to find the proper in-
seslion sife in the cpposing wound surface

', 0
., o
LT s

Fig. 2.95. Compound circle needle. The tip
has a smailer radius than the shaft. its
shape is closer to that of the proposed
track, so the deforming forces on the nee-
dle and tissue are reduced. Ones the track
hias Peen cul with the hgavily curved tip,
the shaft, with its gradually increasing ra-
dius of curvature, will slip through. In-
creasing deformation of the tissuc is in-
evitable al this stage, but it occurs pradual-

ly

Fig. 2.96. The ncedfe eye and thread dlame-
fer

a Simple eye is suitable for thin suture ma-
terial that adds little to the tolal cross sec-
tion (botrom}.

b Recessed eye reduces 1he tolal czoss ssc-
lion when heavy sulure material is used.

¢ In atraonatic sutwres, the theead is
swaged onto the end of an eyeless nezdle,
if the thread is mach thinner than the nec-
dle, even a knot can pass through the nee-
dle track. This makes it possible, in case
of suture breakage, {o tie a short sirand
on the atraumalic needle to a new thread

ad

<

2.1.4 Unlting of Tissues
Functions of Sutures

The uniting of tissues by biologic
processes such as scar formation is
comparable to gluing with a slow-
setting adhesive. The surgical unit-
ing of an incision strives to main-
tain apposition of the wound edges
until the “glue® has set, ie., until
the scar has attained sufficient
strength. ¢!

The fixatlon for this purpose
must:

— held the surfaces to be united in
their correct position (appesi-
tion};

— press the surfaces firmly together
to minimize the space that must
be bridged by scar tissue (com-
Ppression);

— relain the united surfaces in their
apposed and compressed state,
cven when external forces (ten-
sion, shear) are applied.

! The requirements of the sergical joining

technique are thus determined by the
speed of the “selling™ process. When a
quick-setting tissue adhesive is used, it is
sufficient 1o press the wound margins to-
gether briefly with a foreeps. If definitive
cl_osure relies on scar formation, fech-
nigues must be used to relain the apposing

instrument™ in the lissue for a sufficient
length of fime. Long-lasting sutures are
particularly useful in poorly healing lissue,
Le., tissue that is poorly perfused dug to
s anatomy (avascular ocular lissue), sur-
gical trauma (diathermy, excessive suture
tension), or the presence of obstructions
{foreign matter embedded in 1he wound,

efc.).

When compression is provided by
external forces, 2 the only purpose
of sutures is to effect apposition
{(Fig. 2.97). Any type of stitch can
give satisfactory apposition, pro-
vided the length of the stitch equals
the length of the intramural suture
track plus the overbridging seg-
ment. If compression must be ef-
fected by the suture itself (Fig.
2,98), apposition becomes proble-
matic because compression sutures
invariably cause some tissuc defor-
mation,

52 Endogencus forces (c.g., intraocular
pressure, lid pressure) or external devices
(e.B., contact Jenses).
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Fig. 2.97. Apposition sutuzes. Simple appo-
sition sulutes coapt the wound edges and
maintain their position by splinting, but
wound compression is effected by endoge-
nous foress (campressinn zone: Red).

a Intraocular pressure maintains compres-
stan betweea the surfaces of a stepped inci-
sion.

b Eyelid pressure presses the conjuncliva
against the surface of the selera

Fig. 2.98. Compression sutures. Compres-
sion is effected by the suture itself (com-
pression zone: Red).

a A simple interrupted suture presses the
wound margins togeiher,

b A matiress suture tacks a thin tissue
layec onto a fitm substrate
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Fig. 2.99. Mode of action of compression
sulures

a If the suture is exacily the length of ihe
suture tract {and overlying Gssuc seg-
ment), it gives satisfactory apposition.

b Dehiscent traction on the wound mar-
gins may then open the wound, since the
tissue encireled by the loop is compress-
ible.

¢ The compression suture is effective
when it places sufficient primary compres-
sion on the enclosed tissue that the latter
can no longer yield to external forces

Fig. 2.100. Rule of suture tightcning

a A simple interrupted suture tends to as-
sume a circular shape when tightened.

b A continvous suture tends toward the
shape of a straight line. Note: Both forms
tend te lie on one plane

Tissue Deformation
by Compression Sutures

A suture that causes no deforma-
tion of the untouched wound, ie.
a simple apposition sunwre (Fig.
2.99a}, cannot effectively maintain
wound closure under the action of
external forces. The encircled tis-
sue, being compliant, is compressed
by the forces, and the wound edges
separate (Fig. 2.99b). But if the su-
ture exerts sufficient primary com-
pression, the fissue will no longer
yield to external forces, and apposi-
tion will be maintained (Fig. 2.99¢).
The necessary amount of compres-
sion {** adequate compression”) thus
depends on the strength of the ap-
plied forces that are anticipated in
& given clinical situation.

As a suturg is tightened to pro-
duce compression, the loop of su-
ture material becomes shortened.
This alters the original shape of the
stitch in a way that can be predicted
from the rule of suture tightening:

Simple interrupted sutures tend
to assume a circular shape when
tightened, while continuous sutures
tend toward the shape of a straight
line {Fig. 2,100).

As the suture becomes deformed,
s0 does the surrounding tissue.
Compression sutures always de-
form the entire wound area in ac-
cordance with the type of stitch that
is used:

— simiple interrupted sutures always
produce inversion of ke wound
edges (Fig. 2.101);

— interrupted maitress sutures may
produce inversion or eversion
(Fig. 2.102);

— continuous sutwres flatten a con-
vex wound area (e.g., the corneal
dome), and they struighten out
curved incisions (Fig. 2.103).
They will deform the surface
when the stitches are placed irre-
gularly, t.e at unequal distarces
from the wound line or at un-
equal depths (Fig, 2.104).

These types of deformation are a
byproduct of sulure compression
and are unavoidable whenever such
compression is required, Where
possible, then, it is preferable to ef-
fect wound closure without the use
of compression sutures. In planned
operations it is advautageous to
employ incisions that can be ade-
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Fig. 2.§01. Tissue deforrmation by a light-
ened simple suture

a The “idea)” sulure has a circular shape
from the outsel and causes very little tissue
deformation when tightened.

b Semicircular sutures (fef?) shorten all
distances in the enclosed tissue, causing
ike non-enclosed portion of the wound 1o
gape (righ)

Fig. 2.t02. Tlssue deformation by Ughtened
nalfress sutures. Mattress sutuees tend ta-
ward the shape of a herizontal circle when
tightened. Accordingly, the intramusal
part of the sulure is raised while the bridg-
ing scgment i§ lowered, This cither everts
(a} or inverts the wound margins (b) as
all parts of the toop move onlo the same
circular plang

Fig, 2.103. Tissute deformation by a tight-
ened continuous suture

Left: Loose sulure.
Right: Tight suture.

a Arched tissue sucfaces tend to flatten
when the suture ling is tightened,

b A curved wound line is straightened, ac-
companied by tarsion of the surrounding
tissue
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Fig. 2.§04. Tissue deformation by Irrege-
larly phaced continuows sutures

a Ritesat irregular distances from wound:
When the continuous suture tends to-
wards a straight line on tightening, the
surrounding fissue is more compressed at
the larger biles than at the shorter oncs.

quately closed with simple apposi-
tion sutures, i.c., incisions in which
other forces can be wiilized to com-
press the wound margins (see
Fig. 2.97). In situations where there
is no alternative to the use of com-
pression  sutures, {he oplimum
stitch is that which will supply the
necessary compression with a mini-
mum of side-effects, i.e.,

a stitch that requires minimal
“overcompression” to produce
adequate compression along the
wound line;

— a stitch whose force vectors pro-
duce maximum compressing vec-
tor components with a minimum
of vectors in other directions.

These concepts will be discussed
more fully below.

b Bites al irregular depths: If the suluze
tracts occupy different levels on the
wound surface, they move onto one plane
when the thread is tightened. The sur-
rounding tissue is correspondingly raised
or depressed, and ihe tissue surface be-
comes irregulac

Force Vectors of Sutures

In technology, compression is ef-
fected by means of press or clamp
mechanisms that apply the neces-
sary force vectors in an optimum
direction {Fig. 2.105a). By contrast,
the sutures employed by surgeons
always produce vector components
geting in varfous directions, some of
which do not contribute to wound
compression. and can actually un-
dermine it (side-effects, see Fig.
2.105b).

The force vectors produced by su-
ture tightening can be resolved into
three components:

The component that compresses
the wound margins is directed per-
pendicutar fo the wound surfuce
(Fig. 2.106). The compressed por-

tion of the wound is the projection
of the intramural part of the suture
onto the wound surface. i the in-
tramural suture segment is placed
perpendicular to the wound susface,
the compressing vectors are all on
the plane of that segment, and the
compressed portion of the wound
is a fine — the line where the suture
plane intersects the wound surface
(Fig. 2.106a), If the intramural seg-
ment crosses the wound obliguely,
its projection onto the wound sur-
face is an area (Fig. 2.106b).

The vector component pagallel to
the wound margin (Fig. 2.107) tends
to shift the wound surfaces lateral-
ly. It is produced by ail sutures that
cross the wound obliquely. In sim-
ple interrypted sutures the shifting
vector is incompatible with perfect

wound closure, so sutures of this
type should not be placed obliquely
(Fig. 2.107a, b). In continuous su-
tures, on the other hand, the shifi-
ing vectors of the bridging segmenis
can serve to neutralize the shifting
veetors of the intramural segmenis
{Fig. 2.107¢).
The third veclor component is
perpendicalar to the tissue surface
{Fig. 2.108). The portion directed
upward from the intramural scg-
nient tends to ever the wound mar-
gins, while the portion directed
downward from the bridging seg-
ment tends {0 fwvers them. If both

segments are on the same plane, as
in a simple biterrupted suture, both
components  cancel out  {Fig.
2.1084). Contintious sutures, on the

- other hand, include successive in-
verting and everting segments that -

can produce irregularities in the tis-
sue swrface (Fig, 2.108b), This is
avoided by placing the lcops very
close together so that the everting
and inverting components are on
approximately the same plane
(Fig. 2.113).

‘The effect of these vectors on the
tissue is complicated by the fact
that the fissui resistances opposing

e

I
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Fig. 2.105, Force vectors of compressing in-
struments

a In techiobogy, compression is effecled
by tools that produce purely compressive
vestor components (ie., perpendicular lo
the surfaces being compressed).
b Sulures produce three vecior compe-
nents:
A Perpendicular to the wound margin:
Compressing vectors.
A Parallel to the wound margin: Shifling
veciors,

- ¢ Perpendicular to the tissue surface: [n-
verting or everling veclors

Lhe vecters are different in the intra-
mural and bridging segments of the
suture. The tensile forces of the
bridging segments uct only at. the
entry and exit sites of the thread

“and enccunter no tissue resistance,

By conirast, the vectors of the intra-
inral segmients act directly on the
tissue, where they are exposed 1o
and limited by tissue resistance.
This means that the side-effects of
the bridging segments tend to be
greater and the desired effects less
than in the intramural scgments of
the sutuse.
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Fig. 2.106. The vectors of wound compres-
sion

Left: Perspective drawing.

Right: Overhead view of the tissue surface
(used in subsequent figures to demonstrate
the compressive properlies of different
slilches).

a With a simple interrupted suture placed
perpendicular 1o the wound tine, all the
compressing vectors are on one plane.
Wound compression occurs on 1he line
where that plane int¢rsects the wound sur-
fzce. The overhead visw (right) shows the
upward projection of the compressed
zone, which is a linc,

b With a simple interrupted suture placed
abligue to the wound ling, the compress-
ing vecters occupy a three-dimensional
space between the intramurat pacts of the
suture and the wound surface. The zone
of compression at the wound surface is
an area. The perspeclive view (/1) shows
the three-dimensional character of the
campression. The overhead view (righnd
shews the cempression zone prejected
onte the tissue surface

Fig. 2.107. Vectors of Iateral shift

a Simple interrupted sutures perpendicu-
lar to 1he wound line cause no lateral shift.

b An eblique sulure gives rise to shifling
vectors. These vectors are equidirecticnal
for the intramural and bridging parts of
the suture, so a subsiantial lateral shift is
produced,

¢ [n conlinuous sutures, the shifling vee-
tors of the intramural and bridging seg-
menls are not necessarily equidireclional.
They may act in opposite directions and
cance] out

Fig. 2.108. Yectors pecpendicular to the fis-
sue surface

a In the simple interrupted suture, the
perpeadicuiar vectors in the bridging scg-
menl (downward dirceted) and intramurat
segment (upward directed) are on the
same plane, so they cancel out.
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b [n the continuous suture, the perpendic-
ular everting and inverting vecters are on
different planes {feff). The inverting action
of the bridging segment (upper right) and
the everting action of the intramural seg-
ment {fower righi) deform 1he tissue level
accordingly, producing alternate areas ol
inversion and eversion aleng the wound
line
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Fig. 2.109. The effects of simple Interrupted
suiures

a Force vectors of simple interrupted su-
tures. The compressive effect §s maximal
on the plane between the suture entry and
exit siles (the suture plane) and falls off
laterally. Thus the action of the suturc can
be described in terms of " foree tangles,”

b Wound closure with simple interrupted
sutures. 1f ihe compression on the suture
plane is just adequate (i.c., if the maximum
compression is also the adequate compses-
sion), compression will be inadequate ad-
jacent to the suture plane (%/7). To ensure
wound closare the zones of adequate com-
pression must be contiguous all along the
wound (right); this requires excessive com-
pression on the suture plane itsell.

¢-¢ Wound closure with large sulures.

¢ Shortening the loop of a simple apposi-
tion suture (feff) widens the compression
triangles (right}. But the zones of adequate
compression are not conliguous in the ex-
ample snown. This is achieved cither by
shortening the loops fucther or increasing
the number of slitches.

d Shortening 1he loops further will widen
the compression zones but will increase
the excessive compression in the suture
awea,

e Increasing the number of stitches leads
1o contiguous zones of adequate compres-
sion without altering the strength of the
compression,

I, g Wound closure with short sutures.

f Shorter loops produce narrower com-
pression triangles than in c.

g Consequently the sutures must be
spaced closec fogether than in e, resulting
jn a greater numbar of stitches

#_l4|
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Characteristics
of Particular Suture Types

Simple Interrupted Sutures

In simple intereupted sutures, ten-
sion is confined to the area of the
individual loop of thread. There-
fore, simple interrupted sutures are
usefud for producing a localized ten-
sion that is specificalty adapted to
tocal conditions.

The side-effccts of wndesired
force vectors are minor in simple
interrupted sutures, because the ver-
tical veciors cancet out while the
shifting vectors can be eliminated by
a precise suturg technique (Fig.
2.106a).5* The effect of the com-
pressing vectors s maximal in the
suture ,plane and diminishes with

distance from it (Fig. 2.109a). If the
compression on this plane is just
adequate, the compression immedi-
ately adjacent to the plane will be
inadequate. This means that if ade-
guate compression is required adja-
cent to the suture plane, this must
be accomplished at the cost of ex-
cessive compression (overcompres-
sion) in the suture plane itsetf.
Effective wound closure is ob-
tained when the **zones of adequate
compression ™ are conligtous atong
the entire wound line (Fig. 2.109b).

63 TF we define “side-effects™ as all effects
other than compression, we musl recog:
nize that in some circumstances these
“side™ effects can be utilized to achieve
specific goals {see Fig. 5.50b).

Thus, the maximum allowable spac-
ing of adjacent interrupted sutures
depends on the widih of the zones
of adequate conpression. The width
of these zones depends in turn on
the amount of tissue encompassed
and its degree of compression, ie.,
on the diameter of the thread loops
and the degree of suture tension.
The efficacy of wound closure
can be improved by increasing
either the number or the width of
the compression zones along the

“wound line. Increasing the number

of compression zones means in-
creasing the number of stitches (i.¢.,
narrowing the spacing between
them), while widening the compres-
sion zones means cnlarging the di-
ameter of the thread loops.* The
relationship that exists between the
spacing of the stitches and their di-
ameter leads to the spacing rule for
simple fnterrupted sutures: Large su-
ture loops may be spaced at langer
intervels than small suture loops
(Fig. 2.109¢, g),

5% In thin tissue layers such as ihe comea,
such opltions are limited by the need to
make the suture loop as circulac as possi-
ble (sce Fig. 2.801a). -Spacing 1he threads
farihes apart would cause the stitches to
tlongate, increasing the dsk of significant
inversion when the sutures are tightened.

Fig. 2.£10. Mode of actton of continzous »
sulures

a Tension is evenly distributed over the
cafire suture line, which starts and ends
beyond the ends of the wound {"in
healthy tissue™). :

b Ifihe ends of the wound are not encom-
passed by the sutwre, they will not be com-
pressed,

© Batanced tension allows localtized forces
to open one part of the wound while adja-
cent parts come under increased compres-
sion

Continnous Sutures

The loops in & continuous swiure
ling can shift relative to one anotker
as the suture is tightened, leading
to a wniform distribution of tension
over the encompassed area.
Because of the uniform tension,
continuous sutures are excellent for
situations in which forces act evenly
aleng the wound (e.g., a rise of in-
traocular pressure). However, they
may net proteet the wound from
locally applied Forces (Fig, 2.110).
They arc appropriate for the clo-
surc of straight or circular wound
lines (see Fig. 5.95), but they arc

Uniting of Tissues 97

poorly suited for irregularly shaped
wounds that rtequire different
amoums of tension at different sites
(see Fig. 5.89.

The width of the compression zone
depends on the obliguity of the in-
tramural segmenl. Therefore the
compression zones can be made
contiguous by using the appro-
priate type of stitch. The width of

the compression zones can be en-

larged simply by increasing the obli-
quity of the intramural segment.
This means that continilons sutures
can apply adequate compression
with minimal overcompression.

1} kY 3 A
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Fig. 2.111. Compression zones and lateral
shift vectors in contlnuous sulures

Lefr: Different stitch patterns are created
by changing the angle betwezn the intra-
mural segment and wound fine (i.e., by
changing the ebliquily of needle insertion)
while kezping a constant distance (D) be-
tween the stitches.

Right: Stmilar patterns are obfained by
spacing the stitches differently bul keeping
the same obliguity.

Pink: Compression zones (cf. Fig. 2.106).
Black arrows: Lateral shift vectors of the
bridging sulure segments.

Gray arrows: Laleral shift vectors of the
intramural segments (whose effect is los-
scned by increasing {riction).

 Simple sawtooth stitch; The intraniural
segmeats ace perpendicular 1o the wound

line, and the compression zones are lingar
(as in simple intertupted sulures). Lateral
shift veclors do not exist in the intramural
segments bul are very strong in the bridg-
ing segments, where they are not neutral-
ized by opposing shift vectors or reduced
by the [riction of a wide compression zone.
Cansequently this type of sulure produces
a strong lateral shifting tendency when the
suturg line is tightened.

b Symmetrical sawtooth slitch: The indra-
mural and bridging segments form equal
but opposite angles (o 1he wound line. The
obliquily of the intramural segments de-
termines the widih of the compression
zones, which are nonconfiguous. In fact,
the wider the compression zones, the wider
the noncompressed intervals for reasonsts
af symmetry. The lateral shifl vectors of

the inteansural and bridging segments act
in opposile directiens, Though they have
ihe same magnitude, the intramural vee-
tors are checked by friction, so the vectors
of the bridging segments predominate,
There may be stitl a lendency taward later-
al shifl, theeefore.,

¢ Inverted sawlooth stitch: Here the
bridging seginents are perpendicular 1o the
wound line. The compression zones of the
intramural segments are contiguous and
encompass the entire wound. The bridging
segments, being perpendicular, have no
lateral shift veclors, while those of 1he in-
tramural segments are checked by friction,
‘The result is good compression with little
tendency toward lateral shift.

d Overlapping sawtooth slitch (“shark-
tooth” suture): Both the intramural and
bridging sepments are oblique to the
wound line, forming angles that are equi-
directionak but of different size. The over-
lapping compression zones provide for af-
fective wound closure. The vectars of Jal-
eral shift are equidirectional in both the
intramural and bridging segments. Their
“double™ shifting aclion, however, is op-
posed by the incecased friction produced
by the “double” compressing force vec-
tors, Also, the latter prevent the outward
movement of the needle eniry and exil
sites that is necessary to initiate lateral
shift in this type of suture

However, one side-effect of this
jncreased tension i3 an increase in
undesired force vectors that can alter
the position of the wound margins,
These vectors should be taken into
account, therefore, when seleciing
the suture pattern. The Jateral shift
vectors acting in the direction of the
bridging segments produce greater
ellects than those in the direction
of the inframural (compressing)
segments, because they are less con-
strained by friction between {he
wound surfaces, The effects of the
lateral shift vectors in relation to
the compression zones are analyzed

for various suture patterns in Fig.
2111,

The extent of the lateral shift for
a given suture pattern is limited by
the suture spacing. This makes it
possible 1o reduce lateral wound
shifting simply by shortening the in-
terval between the slitches {Vig.
2.112).

Also, the effects of the vertical
vectors are reduced by decreasing
the lateral distance between the in-
tramural and bridging segments
(Fig. 2.413).

Thus, maximum compression
with minimal side-effects can be

AN
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achieved by using an overlapping
sawiooth suture patiern (“shark’s-
tooth” suture) with closely spuced
stitches. The compression zones in
this suture overlap, so minimam
tightening is required to sccure
wound closure (Fig. 2.111d). Later-
al shift veclors are neutralized by
friction between the wound sur-
faces, which increases tremendously
when even slight suture teasion is
applied (Fig, 2.111d). Vertical vec-
tors are neutralized by the close
spacing of the stitches (Fig. 2.113).

Fig. 2.112. Relalionship beiween lateral
shift and suture spacing, iltustrated for a
simple sawtooth stitch. The lateral shift
ngegssaty do produce s symmetrical stitch
shape (i.e., lo equalize lensions) equals
half the base width 2. Consequeatly, less
shift occurs with clos¢ly spaced stitches
(upper right) than with widely spaced
stitches (fower right)

Fig. 2.113. Effect of sulure spacing on
wourd fnversion or everson, Hlusivated for
the overlapping sawtooth stitch. When the
intramural and bridging segments are
close together, so that they are nearly on
ihe same plane, the tendeacy doward
wound inversion or eversion is largely neu-
tralized, and a smeoth tissue sucface is ob-
tained
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Fig. 2.114. Mattress sutures. The force
vectors of 1he bridping segments are fully
aclive (red arrows), while those of the in-
tramusal segments are checked by tissue
resistance (pink arraws).

a Uncrossed inverfing mattress sulura:
The suture bridges the wound surface but
does not pierce it. No compression zones
are produced. Maximum, unchkecked in-
version is produced transversely. A slight
everling aclion is preduced lengitudinally.

b Uncrossed everling mattress suture:
The intramural scgments plerce 1he wound
surface and are perpendicular (o it. Signift.
cant eversion is produced teansversely by
decp compression of the wound surfaces.

¢ Crossed inveréing mattress suture: The
crossed portion is external, and the intra-
mural portions are perpendicular to the
wound. The bridging segment produces an
inyerting action both transversely and lon-
pitudinally, the transverse component be-
ing partially cffset by decp everling vee-
tors. The synergism of the deep and supers
ficial compressing vectors effects compres-
sion which is active mainly at the super-
ficial portions of the wound.

d Crossed everling mattress sulurey The
crossed portion is internal, The inframuzal
segment is oblique to the wound surfac?c
and therefore 1he compiession zong is
broad and extends the full length of the
slitch. An everting action is produced both
transyersely and longitudinaily, the trans-
verse component being partially offset by
the inverting action of the bridging scg-
ment, The synecgism of the deep and su-
perficial compressing veslor components
affords good compression, which, in con-
trast to ¢, mainly affecis the deep pertions
ol the wound

W

Matiress Suttives

Mattress sutures are intermediate
between simple interrupted sutures
and continuous sutures in their
function. On the one hand, they
may produce wider compression
zanies than simple interrupted su-
fures; on the other, local fension can
be controlled better than with sim-
ple continugus sutures.

Matiress sutures tend to produce
inversion and eversion not just in
the transverse direction®® but also
longitudinally.®® These tendencies
may be synesgistic or antagonistic,
i.e., may lead to a generalized inver-

©5 Caused by the vertical vectors (seo
Fig. 2.108).

6 Caused by the latesal shift vectors,
which tend 1o shorten the suture line. This
effect is not checked by frclion becauss
of 1k short suture length, so inverting and
everting components can become active.

sion or eversion of the wound mar-
gins or a combination of both,

Uncrossed matiress sutures pro-
duce strong inversion or eversion of
the wound edges, with litele
{Fig. 2.114b) or no (Fig. 2.114a)
compressive effect.

In crossed matiress sutures com-
pression is most effective when the
stifch is crossed intramurally (Fig.
2.1144d). The side-effects are more
prenounced when the stitch is
crossed on the tissue surface (Fig.
2.114¢).

Conntersutures

Lateral shift vectors in a continuous
suture line can be completely ngu-
tralized by placing a countersuture.
The opposing tensions of the dou-
ble suture lines also produce a gen-
cral shortening of the wound. Dut
this effect is not significant if the
wound is long and there is sufficient
friction to resist the shoriening ten-
dency. 7

The compression zowes are mo
wider than in a single suture line.
However, the force of the compres-
sion is increased, whether by dou-
bling the force applied from one
side of the wound {Fig. 2.115¢} or
by creating a counterforce on the
apposite side (Fig. 2.115b).

The vertical vectors are neutral-
ized in some suture patterns, This
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occurs at sites where the intramural
and bridging segments of the two
suture lings overlap (Fig. 2.115a, ¢).
In stitches where the intramural
and bridging segments do not over-
lap, vertical veclors are increased
{Fig. 2.1150b).

57 Fhis is in contrast to the matiress su-
lure, where the shortening effect may he
significant.

Fig. 2.113. Analysis of countersuturcs

a Double sawtaoth suture: The intramu-
ral segments are perpendicular, and the
compression zones are narrow, although
there are twice as many of them as in the
single sawlooth suture. The lateral shife
vectors produced by one suture line are
neutralized by the countersuture. The in-
verting and everling veclors also are farge-
ly neutralized because the bridging seg-
ments ¢ross the intramurcal segments.

b Symmetrical doubfe sawtooth suture:
The intramurat and bridging segments are
oblique te the woukd line. The compres-
sion zenes are not wider than in a simple,

. symmelrical running sulure (sew Fig.

2.111b), but (heir cRect is enhanced be-
callss they act on boih sides of the wound.
The laterat shift vectors are neutralized,
The inverting and everting vectors of both
suture lines are in the same segment, so
their effects are additive, and the tissue
surface becomes isregular.

¢ Invested double sawtooth suture; The
intramural segmenls are oblique, the
bridging segments perpendicular to the
wound line. The compression zones are
contiguous (see Fig. 2.111¢), Their force
is doubted but acts on only one side of
the wound at any given site. The lateral
shifl vectors cancel out. The inverting and
everting vectors ate neutralized by the su-
perposition of the intramural and bridging
segments




102 Tissue Tactics
Lock-Stitch Sutires

The tock-stitch suture is a continu-
vus suiure in which the thread is
passed through the previous loop
before the needle is reinseried.

On the one hand, such sutures
have the properties of simple inter-
rupted sutures in that the bridging
and intramural segments are on the
same plane. But they are also like
simple contimous sutures in that
they distribwte tension evenly, since
the individual loops are fixed only
by the relatively low friction ofithe
bridging segments.

Lock-stitch sulures have two

main applications. First, they can
be used like sinple running suinres

Fig. 2.116. Applications of a tock-stitch su-
ture

a Comipression suivre, whose tension can
be regulated by adjusting the tension of
the linking segments. The compression
zones are like those produced by simple
intesrupted sutures {see Fig. 2.109).

b Tacking stitch: The bridging segments
are used to form a bread, continuzeus com-
pression zong (pitk) thal can fix one tissue
layer to another

Fig. 2.117. Behavlor of a lock-stitch suture
on fightenlng. When the suture is tipht-
ened, the linking segments are forced onto
the shortest connecting line,

in cases where it is advantageous
1o equalize the tension between the
individual loops (Fig. 2.116a). Scc-
ond, they can be used for tacking
one tissie layer anto another (Fig.
2.116b).%% This technique utilizes
the compressive gffect not of the
{oops but of the linking segments.
Lock-stitch structures differ from
simple running sutures in that the
wound edges do not shift laterally
when the suture is pulled tight, The
tightening causes a shortening of the
linking segments which, as they tend

toward lincarity, are forced onto~

the shortest path connecting the
two ends of the suture. This ten-
dency can be utilized 1o adjust the
position of the linking segments by

appropriate angling of the suture
(Fig. 2.117),

In & ‘meandering suture the posi-
tion of the linking segments is fixed.
The intramral segments produce
an everting effect, while the linking
segments can be used for tacking,
as in the lock-stitch suture. In their
simple form, meandering sutures
have discontinuous overlying seg-
ments. In the reverse form the over-
Iying segments form a continuous
zone whose positien is fixed and
not aftered by suture tension
{Fig. 2.118).

% Bxampla: Tacking a conjunctival ftap
Lo the coniea or seléra (see also Figs. 4.26-
4.28),

2 Oncurved wound lines (abore), the link-
ing segments are drawn toward the center
of curvalure (befow).
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b On straight wound lines, the position
of the linking segments is controlld by
angling the ends of the sulure 1o shorten
the upper or lower connecting line

Relationship of the Suture
and Needle Track

' the needte has a larger diameter
than the suiure material, the needle
track also will have a larger diame-
ter. This may allow the suture to
shift inside the track, and the
wound ¢dges may shify relative 1o
the splinting material {Fig. 2.119).

This means that when a thin
thread is pulled tight inside a Jarger
needle track, it witl assume a posi-
tion that may be different from that
which the surgeon fitended and de-
fined by his guidance actions. The
thread is forced onto the shortest
connecting path, which may lie
closer to the surface, wound mar-
gin, or adjacent suture depending
on the cross-section of the track
(Fig. 2.120). The final thread posi-
tion is especially difficult to predict
if’ the needle track is oblique, but
it can be estimated beforehand by
a tensile test (Fig. 2.125) and cor-
rected to some degree by modifying
the thread tension.

Shifting of the {hread within the
needle rack allows thread shorten-
ing with no consequent tissue defor-
mation and can even serve 10 ¢or-
rect minor deficiencies in the place-
menl of the track (Figs. 2,121,
2.122). However, the discrepancy

between the intent of the surgeon a

{gmidance of needle tip) and the re-
suft (position of the thread axis)
carries a risk of fauity apposition.
When thin threads are used, there-
fore, their shifting tendency must be
anticipated and allowed for when
selecting the needle (which deter-
mines the cross-section of the track,
see Fig. 2.91).

The splinting action of thin
threads is likely to improve during
the course of wound healing as the
needle track gradually cicatrizes
and its cross-section approaches
that of the suture. A process with
the opposite effect may also occur,
however: The track may dilate due
to an intlammatory response which
varies in intensity with the tissue
compatibility of the sulure material
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Fig. 2.118. Meandertng sulures

a The linking segments are discontinuous
in this stitch, and they do not change their
position when tighlened.

b The reverse meandering suture creales
a continuous, overlapping sesies of linking
segments

Fig. 2.119. Disparity In the dlamcters of the
suture and needle track

a A sulure acls as a splin if the thread
size matches the lumen of the needle track.
In this case the thread axis equals the path
of the needle tip (red) and coincides with
its guidance direction.

b If the thread is much Ihinner than the
needle track, its final position is not on
the path of the needle tip but on the shor-
test conneciing path
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Fig. 2.120. Shiftiog of thin threads In the
pecdle track. The shordest connecting path
within the track varies with the cross sec-
tion of the track. In the track cut by a
triangular needle {sec Fig. 291), ths
thread shifis away from ihe path of the
needle tip (red), moving closer 1o the
wound margin (faft) or into ong of the side
arms (center). In a slitlike track (right) the
thread remains centered only if the track
is exactly perpendicular to the wound line

Fig. 2.12]. Shifting of thin threads in an
obllgue needle track. When a thin ihread
is dightened in an oblique needle track,
vector components paralled 1o the wound
margin iend to force the thread ento a
path perpendicular 1o the wound. If the
neadle track is wide enough, the thread
may shift with no associated shifting of
the wound edges (“self-correction of ob-
lique thread placement™)

Fig. 2.122, Shilting of thin threads in a con-
tinuous suture Ene. [n a simple sawtooth
suture (fop), tension can equalize sponta-
neously by the shifting of the thread in
jts track (betton). This avoids any lateral
shifiing f the wound edges

I
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Table 2.1
A B C
Wire Twine Sheathed twine
Surfacs smooth rough smooth
Flexibility low high high
Distensibility depends on mategial good depends on material and thickness of sheath
Tissug compalibility good fair good

Generally it may be assumed that commervially available suiure materials have good tissue compatibility. For a given malerial, the
thinner, smooiher and more flexible the thread, the beiter its compatibility.

Fig. 2.123. Effect of the inflammatory ca-
nal on sutare spaclog. The development of
an inflammatery canal shortens he dis-
tance from the suture tract 1o the wound
margin (4), outer tissue surface (5), inner
surface (C), and adjacent sutures (D).
Hence, with sutures that incite an inflam-
malory response, larger values must be
chosen for A, B, C, and D than with a

noeirritating sulure material 1,

(Table 2.1), and an “inflammatory
canal” may develop around the
thread (Fig.2.123). This process
can be favorable, however, in that
it can loosen overtight threads as
healing progresses and thus reverse
the initial tissue defonnations
caused by compression sutures

(Fig. 2.124).

- Fig. 2.124. Effect of Inflammatory canal on

wound approximation

a Threads correclly placed initially (feft)”

are loosened by expansion of the suture
irack in the postoperalive peried, and
wound approximation is lost {right).

M

-

The possible formation of an in-
flammatory canal should always be
considered in the operative plan,
for it influences the selection of su-
ture material.. Sutures placed close
to the wound ‘edges, tissue surface,
or adjacent sutures should be made
of a nomirritating material. ®® On the
other hand, compressing sutures

1.
b The wound deformation caused by
overtightened threads (Jef) is spontane-
ously relieved by the loosening effect of
Ake inflammatory canal (righry: “Self-
* adaption of overtightened sutures”

that produce primary tissue defor-
mation may be made from a mildly
irritating material so that the subse-
quent tissue reaction and loosening
effect will correct the initiat defor-
mation.

% Example: Monofilament polymer.

® Bxample: Twisied, braided or coated
stlk.
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Fip. 2.125. Effects of suture tighlening

@ The distance between ihe entry and exil
sites of the suture is not aflected by pulling
1he ends of the thread vertically upward.

b If the suture ends are pulled together
during tightening, vectors form in the di-
rection of the wound margins, and the
entry and exit sites move closer together

Tiig. 2.126. Vhe square knot and slip knot =

a Starling with the same initial loop ar-
rargemenl, a simultaneous horizontal pull
on both ends of the thread niakes a square
knot (feft colwnn), while a vertical pull on
only ong end makes a slip knot (right col-
1),

b Making the approximating loop: The
square knot {fefl) is already in Lhe correct
position; the slip knot (righe) is still looss.
¢ haking the securing loop.

d Positioning the knot.

e The securing loop s tightened at right
angles to the suture plane so that it will
not affect the established sulure teasion

Kunots

When a suture is tied, all forces
should be applied so that the posi-
tion of the wound cdges is not
changed. The rude of vector separa-
tign is helpful for aveiding vector
components directed toward the
wound line: Tightening the thread
in the needle track is done separate-
ly from ithe tying maneuver
(Fig. 2.125), and the direction of
pull on the securing loops is at right
angles to that on the approximating
loops (Fig. 2.126e).

The holding strength of knots de-
pends lacgely on the friction that is
created within the tightened loops.
Hence the quality of the suture ma-
terial plays an important role: its
surface roughness, compressibility,
and flexibility. The less friction pro-
duced by the material, the greater
the contact area that must be estab-
lished by the knotting technique.

The first loap, called the approxi-
niating loop, performs the actual su-
turing function: It apposes and
fixes the wound edges in the desired
position. All edditienal loaps serve
only to secure the approximating
loop.

In square knots the approximat-
ing loop is first placed in its defini-
tive position and held there while
the sccuring loop is tied (Fig. 2.126
feff). In slip knols the approximat-
ing and securing loops are first tied
loosely and then drawn together
into the correct position {Hig. 2.126
right). Both Xnois can be tied from
the same initial loop arrangement,
and onty the direction of traction
on the threads determines which
type of knot will result.

The knot preferred in a given
case depends targely on the friction-
al characteristics of the suture mate-
rial. Rewgh threads favor square
knots because their high friction
holds the approximating loop in
ptace. They make poor slip knots,
because the knots may close before
they are correctly positioned. In
contrast, smooth threads are easily

Fig. 2.128. Cutting the cads of the thread
close to the knot with a scissors. The knot
is pulled up against the cuiting point, the
degreo of traction depending on the thick-

Fig. 2.12%. Cutling the ends of {he thread
close to the knot with a razor blade tip
Top: If loop tension aflows lhe thread to
be pulled upward slightly, 1he blade can
be angled te improve vision. The knot is
pulled up against the cutling edge, 1he
ends of the thread are stretched over it
and, with the blade stationary, are
snapped off with a quick tug.
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Fig. 2.127. The reinforced knot

A Approximating loop. B, € Securing
loops. .

A The friction that maintains the position
of the approximating leop until the secur-
ing loops are Lied can be inceeased by pass-
ing the thread through the loop several
times (here: Three).

B If the frst securing loop were much
shorter than the approximating loop, it
would deform it, and in elastic sulure ma-
terial the resulting forces could reopen the
knot. To make the loop lengths more
equal, the thread is atso passed repeatediy
(here: Twice) thraugh the securing loop.
€ With stiff sulure material, a second se-
curing loep can be placed to reinforce the
first

/

ness of the blades. Since the knot is hidden
behind the scissors, the best view is ob-
tained by cutling with the tips of the
blades

Bottom: To Lrim the {hread without raising
the loop, the blade is laid Mat over the
knot, its culting edge fush with the edge
of the knot. Then the end of the thread
is drawa back and snapped off with a
quick tug. 1t is not necessary 1o see the
knot in this maneuver, since the relation
between the cutling odge and edge of the
knot is precisely established before culting
and remains unchanged when the thread
is cut
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Fig. 2.130. Burying the knot in a simple in-
terrupted suture

a, b The neadle is inserted through the
wound susface from the inside, brought
oul, then reinserted into the secand wound
susface from the epposite side. It can be
dif¥icult to picres the second wound suc-

tied into slip knots but are not good
for square knots because the ap-
proximating loop tends to loosen
before the securing loop is tied. ’I:he
friction can be increased by passing
{he thread repeatedly through the
loops, but of course this resulis in
a bulkier knot (Fig. 2.127).

.A_
a b

Fig. 2.131. Burying the knot in a continu-
ous suture

a The needle is inserted from inside (he
wound and brought out at a point {4} past
the end of the incision (see Fig. 2.110a).

b The needle is reinserted al a corcespond-
jng point on the other side of the incision

Y

face at 4 site exacily cpposile the insertion
site, bul in case of thin suture material
in a larger necdle frack any lack of pre-
cision in wound approximation may ba re-
medied by “sell adaption™ (see Fig.
2.421).

Knots left on tissue surfaces are
a source of irritation, but this can
be minimized by clipping the
threads as close ta the knot as pos-
sible (Figs. 2.128 and 2.129).

If the suture material is suffi-
ciently tissue-compatible, the kngt
muy be buried within the tissue. Bi-

V4

¢ The knot is tied between the wound sur-
{aces.

d The thread ends are cut flush with the
tissue surface

ther the stitch is begun from inside
the wound (Figs, 2.130 and 2.131)
or, if the threads are so fine that
the knot is much smaller than the
lumen of the needle track, the knot
may be pulled into the track after
it is tied (Fig. 2.132).

C/ B/

d

Lﬂ’C‘

(8), piercing the opposing wound surf‘are
at a point eppesite the original insertion
site.

¢ The sutureis ted, and the needle is rein-
serted through the wound surface and
hrought out at &'

/I 4 \\

2B AN

d Continuation of the running suture.

& The final stitch is made past the end
of the incision, as in a. The final knot is
tied belween a loop brought out from ihe
wound surfaces at ¥, and he end of the
theead (Z)

Fig. 2.132. Advancing the knot into the su-
ture tract. The lissue encircled by the loop
is compressed briefly so that the knot can
slip over the step at the entrance to the
track. This is done by pulling on the
thread (B) while applying countertraclion
with a forceps (A)

2.2 Application of Heat

The application of heat to tissue
raises the temperature of the lissue
and alters it by coagnlation, shrink-
age, or carbonization. An effect that
is desired at one site may be delste-
rious at anofher.?! Accordingly,
the control of heat application con-
sists in achieving a precisely defined
temperature within a precisely de-
fined fissue vohune at a specified fo-
cation.

The desired temperature s
achicved by delivering a specific
quantity of heat to the target site.

This heat may be produced outside |
the tissue and then transferred to

it via a conductor, or it may be gen-
erated within the tissue itself
(Fig. 2.133).

The preferred technigue of appli-
cation depends on the size of the
tissue volume to be heated and on
whether a superficial or deep effect
is desired. Techniques suitable for
some tasks may be inappropriate
for others, producing a greater- or
less-than-optimum effect. . For ex-
ample, a technique suitable for
heating a large tissue volume would

produce over-effect in a smaller vol-
ume.

‘Two physical processes thal com-
plicate the precise control of tissue
heating are conduction and eonvec-
tion.” Since both paramecters
change during heat applicalion,
contro§ based on digital readouis
(temperature of a cautery or
cryode, voltage of a diathermy cur-

Fig. 2,133, Methods of healing tissue

a Transmitting heat 1o the tissue: Heal
produced outside the tissue is transferred
to the target site. The critical faciors are
thermal conductivity and heal capacity.

b Generating heat in the tissue (dia-
thermy): The heat is generated at the tar-
pet site. The critical factors are the electri-
cal properties of the tissue:

N
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reat) is not reliable. The only way
lo monitor heat application is by
noting the visible effects on the tis-
sue and regulating the heat input
accordingly. Thus, control is effec-
tive only in cases where the tissue
changes van be observed directly or
by ophthalmoscopy.

™ For exam:ple, hemostasis (shrinkage of
vessel walls and ceagulation of their con-
tents) should nat affect surrounding tis-
sues to the extent that wound cdges are
defermed and reapproximation is im-
paired. Hence, deep effects musi be
avoided, and intraccular structures must
be spared. On the other hand, deep effects
are desired when aseptic inflammatory le-
sions are induced as a stimulus for scar
formation (retinal detachment surgery,
cbliteralion of the citiary body in glauco-
ma surgesy). In these cases excessive
shrinkage of the sclera should be aveided
because i1 could unduly raise the intraocu-
tar pressure. However, scleral contraction
is necessary to produce wound dehiscence
in fistulaling plaucoma operations. Car-
bonizing temperatures are used only fer
the actual division of lissue.

72 The coefficient of heat conduction is a
malerial constant which, in tissues, de-
pends basically on moisture content; it is
reduced by drying. Cenvection 1efers to
heal transfer by Muids in motion. In homo-
gencons dissues it depends mainly on
blood ilow; thus it is decreased by com-
pression or coagulation of the vessels.
Conveclion at surfaces is effected by free-
moving fluid layers. '
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Fig. 2.134. The heat transfer chain. A Heat
source. B Transfer resistance (tissue sur-
face). € Dissipation and elimination (Uis-
$ug) ’

1.2.1 Heat from
an External Source

Heat is carried into and out of tis-
sue in a “heat transfer chain™
(Fig. 2.134) consisting of heat pro-
duction (lemperature and heat ca-
pacity of the source), trensfer
(transfer time and resistance to
fransfer), and elimination (convec-
fion).

Heat Production. Bnergy is invari-
ably lost during transfer, so a heat
surplus must be delivered by the
source, This is done cither by sup-
plying an excessive quantity of heat
at a precisely regulated temperature
(large-capacity cautery, Fig. 2.135)

N\

|
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Fig. 2.135. Large-capaclly heat sourve

(spherical cautery). Large dimensions="

large capacity. This instrument requires 2
relatively long reheating time in air after
it has transferred ils heat to the tissue

Fig. 2.136. Small-capacily heat source
{wire loop). Small dimensions =small ca-
pacity. This instrument transfers all its
heat to the tissue upon contact, 5o control
js difficult. Since a small capacity implics
high temperatures, there is a danger of
overheating at the {issuc surface .

or a small quantity of heat at a
higher temperature (small-capacity
cautery, Fig. 2.136).

Application of the precise tem-
perature protects the tissue [rom
overheating, but there may be in-
sufiicient space for an applicator of
large capacity. Small-capacily ap-
plicators eliminate this problem but
pose a danger of ever-effect due to
exRcessive temperatures.

2137 a

Heat Transfer. Heat application is
controlled most eftectively by vary-
ing the transfer parameters of time
and resistance. Limiting the appli-
cation time avoids tissue overheat-
ing when excessive temperatures are
used. Dabbing the target site briefly
and repeatedly with the applicator
allows the heat to be applied in a
“digital"’ rather than analog fash-
ion.

The transfer resistance of the tis-
sue is a function ol'its maisture con-
tent. If the fissue surface is dry

"s(Fig. 2.137a), the heat cannot pene-

trate to deep levels, and its effects
will be superficial (which further in-
creases the transfer resistance and
the risk of over-effect). Moist sur-
faces allow for better heat condue-
tion and are necessary for deep pen-
etration (Fig. 2.137b). However, a
continuos Hguid film dissipates heat
and lessens its effect on the tissuc
(Fig. 2.137¢).

Fig. 2.137. Methods of confrolling transfer
reslstance

a Healing the cautery in air. The transfer
resistance is very high, and the cautery be-
cones very hot through retention of heat,
Heating of the surrounding air dries the
tissue surface, increasing its resistance to
heat transfer, If the cautery is then applisd
to the tissue the effect is continued to its
surface {danger of over-eftect).

b Moistening the surface improves heat
transfer 1o the tissue and thus enhances
the deep effect.

¢ A thick fluid layer dissipates the heat
and diminishes its effect on the tissue

Heat Elimination. Because most
heat is removed from tissue by fTuid
motion, heat elimination can be
controtled by varying the blood flaw
through the affected area. The sur-
geon can lessen the rate of heat
elimination by exerting pressure on
the applicator. This produces vas-
cular compression either directly or
indirectly by raising the intraceular
pressure (Fig. 2.138).

Techuigne of Application. The appli-
cation technigue involves adapting
the supplied quantities of heat to
the volume of tissue that is to be
heated. The volume is small in very
vircumscribed surface coagulation
(Fig. 2.139a), larger in the heating
of larger surfaces by dynamic coag-
utation (Fig. 2.139b), and largest in
deep coagulation, where & continu-
ous heat influx is mainfained
(Fig. 2.139c), Thus, the differcni
application techniques arc appro-
priate for different heating require-
ments. A combination of different
techniques is difficuli te control un-
less the heat input (cautery temper-
ature) is separately adjusted for
each.

Fig. 2.138. Conirol of heat elintnation

a Heat is eliminated from the tissue via
the bloodstrean.

b Compression of the vessels intercupis
the blood flow and increases the thermal
effect by reducing heat loss

Fig. 2.139. Modes of application of beat
trapsmitters

a Surface coagulation (static): The appli-
cator is preheated and applied warm to
the Lissug. All heat is transferzed in a cir-
cumseribed area; lranslke is controlled by
regulating the temperalure.

b Surface coagriation (dynamic): The pre-
heated applicator is moved back and forth
on the tissue surfzce. Larger quantities of
heat (=higher temperatures) ase required
than ia the static melhed, and transfer is
coniralled by the speed of applicator
movement,

¢ Deep congulation: The zpplicator is
placed onto the tissue before it is heated,
Heat flows into the dissue during wacmup,
and some lime is required for the onset
of effect. Large quantities of heat are
needed. The effect is dilticull to assess

2139
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Fig. 2.140, Edectric circuit for generaling
heat in tissue. A Voltage source. B [nditfer-
ent electrode, € Tissue resistance. D Ace
tive electrode

2.2.2 Heat Generatlon in Tissues
Diathermy

Heat is generated in tissues by an
electric circuit consisting of the volf-
age source, the indifferent electrode,
the electrival resistance of the tissue,
and the active electrode. The voltage
source delivers alternating current
in a frequency range appropriate
for the generation of heat. The In-
differcnt electrode should be as
large as possible to minimize the
current density at that lecation
(Fig. 2.140).

The electricat resistance for a giv-
en diameter and spacing of the elec-
trodes is determined by the efeciro-
Iyte content of the tissue, Hence it
can vary during coagulation.

The shape of the active electrode
determines the extent of tissue con-
taci and thus the distribution of
current density in the tissue (Fig.
2.141), As the contact area in-
creases, the current density rises at
decper levels, but higher voltages
are also required. If the same elec-
trode is applied “‘at a point” in one
instance and over a larger arca in
another (Fig. 2.142), the voltage
must be adjusted accordingly.

The lechnique of application
depends on whether the effect
should be superficial or extend to

Fig. 2.141. Conlact between the active elee-
trede and the tissue

a If a high voltage is applied prior to ts-
sue contact, a spark will form (with danger
of tissue destruction).

b Pointed electrodes concentrate their en-
ergy at the sile of application (suzface).

¢ Flat-faced elecirodes also produce a
high current densily at decper levels

Fig. 2.142. Spherical elecirodes. A sphere
can have the same effect as & pointed of
flat-faced elecirode, depending on the

deeper levels. Superficial heating is
achieved by using a pointed elec-
trode on a dry surface. Degper heal-
ing is promoted by a moist tissue
surface and a broad elecirode, Of
course, the limits of heat produc-
tion cannot be precisely defined,
and variations in the electrical
properties of tissucs can always lead
to undesired deep effects that are
not appreciated by observing the
tissue surface.

Miriaturized diathermy probes:
Applicaters with a highly lecalized
diathermy effect are required for in-
raccular use. The unipolar mini-
probe (Fig. 2.143) functions with-
out an indifferent electrode. In-
creasing the frequency to the mega-
heriz range produces a tremendous

pressure of application. The voliage must
be adjusted accordingly

Fig. 2.143. Unipolar miniprobe. The heat-
ing effect is extremely concenicated owing
to the high voltage and sharply pointed
tip of the active elevirode. A separate in-
different etectrode is not required. The al-
ternating current is retusned in the form
of radio waves from 1he patical’s body
(which acts as an anteana} to the corrent
sourcS

MHz

Fig. 2,144, Electric circuit for bipolar
d_ialhermy. A Vollage sourcs. Band £ Ac-
tive ¢lectrodes. C Heat-generating resis-
tance

concentralion of energy at the
pointed tip of the active electrode.
‘The energy falls off rapidly with
distance from the tip, allowing for
highly selective intraocular coagu-
lation. However, remote effects
may slill occur as a result of imped-
ance variations: Tissues with a low
water content have a higher imped-
ance than water-rich tissues. Other
side-effects can result from stray
currents induced by the presence of
air bubbles in the eye or the intro-
duction of other instruments {vi-
trectomy probe, fiberoptic light,
ete.} into the eye.

Bipolar Diathermy

Bipolar diathermy can be used to
gerterale heat in tissues as well as
to transthil heat,

The voltage in bipolar diathermy
is produced between tve slender,
identically shaped active electrodes
(Fig. 2.144), which either grasp the
tissue to be coagulated {Fig. 2.145)
or are immersed in a liquid film on
the tissue surface (Figs. 2.146,
2.149),M

When the ¢lectrodes are applied
directly to the tlssue, they act as a
diatherny. Control is difficult, be-
causc 4s soon as an effect is
achieved, the criticat parameters are

Fig. 2.145, Direct bipokar diathenny of tis-
sue. The tissue grasped between the for-
ceps blades is heated

altered as a resull of tissue contrac-
tion, approximation of the forceps
blades, and increased resistance due
to drying. Continued application
will produce over-eilects, so the
margin belween effect and over-ef-
fect is very slim.

By conteast, a very large safety
margin is provided by indirect appli-
cation where the elecirodes are im-
mersed in an clectrotyte-containing
film {e.g., physiologic saline) {Figs.
2.146, 2.149), The liquid film pro-
vides an ideal heat-transfer medium
whose temperature is limited by its
boiling point and whose transfer re-
sistance remains low and constant.

The energy release is controfled
cither by changing the voltage
(Fig. 2,147 or changing the clec-
trode spacing (Fig. 2.148). When
bipolar diathermy is applied in the

* direct mode, the epergy should be

released in short bursts because of
the small safety margin, Indirect
application reguires a more pro-
longed encrgy release due to the
greater length of the heat-transfer
chain (which includes the liquid
film). An additional means of con-
trol is the use.of irrigation to dissi-
pate heat (Fig, 2;} 50).

73 Caution: Touching the forceps lips to-
gether while the voltage is on will cause
a short-circuit, and 1he tips will Juse.

I
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Tig. 2.146.  Indlrect  bipolar diathermy
through a liquid flm. An elecirolyte-con-
taining liquid is healed and forms a heat-
transfer medium

ing the voltage. The electrode spacing is
kept constant

Fig. 2.148. Centrol of dlathermy by chang-
ing ihe electrode spacing. The voltage re-
mains conslant
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Fip. 2.149. Bipolar mIniprobe

a The bipolar probe consists of a thin,
polnted active electrode sheathed by an in-
dilferent electrede and separated from it
by an insulating layer. A corrent flows
only when both efectrodes are immersed
in fluid. The heal produced is transferred
te the eavironment.

b Suzface coagulation: The probe is held
obliquely in a thin flnid film so that both
the tip and part of the shsath electrods
are immersed in the conductive fluid tayer

2.150

2,23 Application of Cold

Cryofixation uses the cryoprobe as
a mechanical grasping instrument
by forming an ige ball that is con-
tinuous with tissiue struciures. The
instrument exerls- no pressure on
the tissue and therefore causes no
deformation on grasping. It ¢an
cven grasp tissues whose cohesion
is poor when the ige ball, whose co-
hesion is steong, extends to deeper
levels. The disddvantage of cryofix-
ation is that the ice mass can inad-
vertently encompass neighboring-,
structures,

Deep freezing produces con-
trolled tissie damage ({localized
aseptic inflammation) without the
side-effects that are associated with
the application of heat {coagulation
necrosis and comnective tissue
shrinkage).

The cold source is a cryoprobe
(Fig. 2.151), which induces freezing
by evaporative cooling (change
from a selid or liquid to a gas) or
by the rapid expansion of gases
(Joule-Thomson effect). Different
cryoprobes differ mainty in their
means of control, temperature, and
assocjated technical costs. In super-
Jicial freezing, where the effect is
produced by cooling the tissue be-
low a threshold temperature (onset
of freezing), further lowering of the
probe temperature affects only the
rate of the process. In deep coagu-
lation, on the other hand, the tissue
eftect correlates with temperature,
so it is necessary to determine the
temperature on the basis of relevant
biologic data.

The resistance to cold transfer
basically depends on the same fac-
tors that govern heal ftransfer

Fig. 2.150. Indirect applicatlon of bipolar
diathermy, illustrated for the coaguiation
of a bleeding vessel. Heat dissipation is
controlled by irdgating the sucface during
the ceagulation. This prevents the large
quantity of heat from spreading to decper
Levels

Fig. 2.15%. The codd transfer chzin. 4 Cold
source (cryoprobe). 8 Transfer resistance,
C Dissipation and ¢limination in the fissue

{Fig. 2.152). But the resistance may
be increased by the ice mass itsell,
which acts as an insulator to retard
further cold transfer from the probe
to the tissue,

Ice formation in tissues depends
on their moisture content {conduc-
tion and convection) and efecirolyte
cattient (freezing point), Freezing is
tissue-specific, therefore, and may
proceed at different rates in adja-
cent Aissues. Thus, ice formation
observed in a particular tissue layer
does not necessarily signify analo-
gous freczing of other parts. ™
These differences in freezing ten-
dency can be utilized tactically as
a means of grasping solid bedies in
a liquid medium.”?

™ Bramples: Iee formation in the relative-
y dry lens capsule does not necessarily
mean that ice has formed in the interier
of a water-rich lens (intumescent cataract,
hypermature cataract), Also, the size of
the ice spot on the sucface of the sclera
does niot indicate the extent of freezing of
the uvea or retina {due 1o interfercnce by
vascular heat conduclion in the choroid).
** Example: Dislocaled lens in the fluid
vilreous.

Fig. 2.152. Control of transfer resistance

a A dry surface has a high resistance, and
very little ice forms in the tissue.

b Moist surfaces lower the transfer resis-
tance, A large ice ball forms atlaching the
cryoprebe to the tissue.

¢ A liquid film conveys heai .fmm suz-
rounding structures, retarding ice forma-
tion

In the practical application of cold
(Fig. 2.153), the deepest peneiration
is achieved when the probe is
brought in contact with the tissue
before it is activated. If the probe
is cooled in the air before it is ap-
plied, it will acquire a frost coating
that insulates against cold transfer,
restricts the effect to the tissue sur-
face, and thus provides poor adhe-
sion for grasping.

Fig. 2.153. The application of cold

a A cryoprobe cooled in air zequires an
insulating ice film bat hinders vold trans-
mission to the tissue.

b Activating the cryeprobe only after it
is applied causes a progressive lempera-
ture drop in the tissue. The penetration
depth is greates, but more time is required
fer fermation of the ice ball
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2.3 Application of Light

The transport chain for heat pro-
duction by ¢cencentrated photon en-
ergy consists of a light source, light
path, and heat transfer within the
tissue,

The propertics of the light path
determine the effect of the light. In-
teraction between the photons and
substrate should be miimal on the
transmission path leading up to the
target but maximal at the intended
site of action.

The energy densily (power den-
sity) is conirolled by focusing. Pre-
cision is highest when the energy
density falls off sharply in the zones
directly adjacent to the target
(Fig. 2.t54). This is accomplished
by using an optical system that pro-
jects a highly convergent bean (Fig.
2.155).

The eye itself forms a major por-
tion of the light path. Optical im-
perfections in the transpareat ocu-
lar media (whose etfects are addi-
tive with increasing depth) limit the
accuracy of beam focusing. For best
results, then, the delivery optics
(e.g., contact lenses) must be pre-
cisely calculated for the specific site
in the eye to which the energy is
to be delivered.

For a given beam, increasing the
size of the light spot al the target
reduces its energy density since the
total energy must remain constant.
‘Thus, to maintain a predetermined
energy density, a larger spot size re-
quires a corresponding increase in
the energy input.”®

Absorption and transmission of
the beam in a given substrate are
a function of wavelength. Bach (is-
stie displays a spectral selectivity

™8 In purely geomelric terms, the energy
input shoufd increase with the square of
the spot diameter. Bul as far as the result-
ing effects are concerned (his is only a
rough guideline since increasing the spot
size allers its ratio of area to circumfer-
ence, and this aflects heat dissipation,
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Fig. 2.154. Enevgy density of Hght beams

a In a weakly convergent beam, he ener-
gy density is sGll high some distarce (d)
from the focus (F)-

b Ina strongly convergent beam, lhe ener-
gy densily falls rapidly with distance from
the focus. Thus, the enerpy density at
distange 4 is substantially Iower than in
Fig. a, and ihe site with the same density
lies closer 10 the focus (8)

Fig. 2.153. Focusing a light beam

a Increasing the convergence of a light
beam emerging from the optical system of
an energy source {S) requires a reduction
of the “ working distance’ between § and
the focus (katched line)

b Convergence can be increased fusther
by placing additional optics (C) in front
of the taeget (e.g., placing a contact lens
with a convex surface on the covneal sur-
face)

which defines the ideal wavelength
for localizing the site of action to
the desired layer. Monochromatic
light is used for high-precision
work. Polychromatic (white) light,
containing a mixture of wave-
lengths, has different abserption
spectra in varions tissue layers.

The energy source for application
of the light may have a linear or
nonlincar mode of operation. Tn -
ear syslems, increasing the energy
of the light beam also increases its
effect. 7? The amount of energy de-
livered to the tissue is easily con-
trofled by adjusting the spot size
and the power density {“intensity ')
of the light and the exposure time.
When visible light is used, monitor-
ing of the treatmenl can be done
visually and is therefore simple and
precise. Any optical barriers are
easily recognized, and the eifect is
apparent.”® IT the exposure tine is
longer than the surgeon’s reaction
time, the varions parameters can be
adjusted as needed while the treat-
ment is carried out.

Nontinear effects can occur with
encrgy sources whose power is in-
creased by greatly compressing the
cnergy in space and thme. These
sources deliver their power output
in-pulses of several nanoseconds du-
ration or less.?® There is no linear
retationship between energy and re-
sponse, for the tatter is thresiold de-
pendent, .., no response occurs be-
fow the threshold, and the light
continues to be transiitted past the
focus. The response at or above the
threshold consisis of an explosive
opiieal breakdown with associated

?T Examiples: Argon laser, cryplon laser,
Md:YAG laser in the free-running mode.
® Bor example, coagulated protein is me-
cognized by tissue discoloration, collagen
shrinkage by tissue displacemeni, and
over-irealment by the formation of vapor
bubblss.

7 Examples: Q-switched Nd: YAG laser
in the nanosecond range, mode-locked
Nd;: YAG laser in the picosecond range.

thermal and mechanical effects
(Fig. 2.156a).%° Thus, nonlinear
energy sources are suitable only for
tissue division by the removal of
material (see Fig. 2.51), provided it
is acceptable for the tissue debris
to remain within the eye.

Contrel is far more difficult with
nonlinear energy sources than with
linear sources, because the operator
cannot influence events during the
application, Rather, he must pre-
dict the effect in advance and adjust
the power settings accordingly. This
progiosis is based on “experience”
and cannot be made with absolute
confidence. The basic problem is
that optical breakdown follows sfa-
tistical laws. This means that the de-
sired response may or muy not oc-
cur at a given power oulput
(Fig. 2.157), Thas, while the proba-

bility of a desired resuli can be esti-
mated by statistical means, the ex-
act result in a particular energy de-
livery cannot be predicted. The situ-
ation is further complicated by the
fact that the threshold for a given
clinical situation is unknown. Visi-

. ble as well as invisible imperfections
"in the substrate (ewg., contamina-

tion by free electrically charged par-
ticles, surface irregularitics on ocu-
lar media) can Jower the threshold
at some locations, allowing optical
breakdown to oceur at unanticipat-
ed sites anywhere within the beam
{Fig. 2.156b). Increasing the energy
ouiput likewise can shifl the effect
away from the fogus because energy
densities may be produced in front
of the focus that are high enough
to precipitate optical breakdown
(Fig. 2.156¢).
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Fig. 2.156. Optical breakdown

& Ifthe energy densily at the focus reaches
the threshold fevel for inducing fonization,
oplical breakdown follows. A plasma
forms at the focus, and mechanicai phe-
romend spread outward from that point
in all diceclions.

b Inan inkomogeneous medinm with sites
of lower thresheld, oplical breakdown can
occur anywhere within the light beam,

¢ If energy inpul is increased, the energy
d¢nsity may seach 1he threshold level in
froat of the focus, and prefocal eplical
breakdown will cceur at some point on
1he axis of the incident beam

So even with an optimum focus-

ing technique, the operator cannot
know precisely when, where, and
how strong optical breakdown will
be at the moment the pulse is emit-
ted. He cannot know, in other
words, whether the pulse will pro-
duce ne effect, the desired effect, or
over-effect, The best safety strategy
for the use of pulsed lasers involves
the maintenance of adequale clear-
ances, ie., performing laser coagu-
lation only at sites where there is
an adequate distance between the
focus and structures that must be
preserved,
Within the limits imposed by this
salely strategy, we can set forth
technica! and tactical guidelines for
the optimum utilization of nonlin-
ear ophthalmic laders:

The essential technical require-

.ment is sharp focusing, accom-

plished by:

— eliminating sharpness-degrading
“impurities” in the projected
beam (having a beam of pure
wavelength and mode);

88 The thermal effects are coagulation or
vaporizalion of the tissue. The mechanical
effects are tissue destruction by acoustic
and shock waves and other physical phe-
nomena. The destructive eflects are deter-
wined ool just by the energy of a single
pulse but alsa by the mode of pulse se-
quencing, e.g., the temporal emission pat-
tern of pulses of uniform or variable inten-
sity.
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Tiig. 2.157. The stalistical nature of optical
breakdown .

N: No-effects: Full transmissicn of the
emitled energy through the focus. There
are only variations in energy densily along
the optical axis.

£: Desired effects: Optical breakdown oc-
cuss at {he planned site (i.e., at the focus)
and al the planned intensity.

S5 Side-effects: Bxtrafocal and oversized
breakdowns, causing damage to structures
away frem the target.

The curve shows the prabability (in %}
of the events A, £, and S 10 be expected
al a given power output.

a Power below threshold for optical break-
down: While most of the deliveries will
not produce optical breakdown, already
some desired effects will occur, and rarely
even sonw side-effects.

increasing beam convergence by
use of convex contact lenses (see
Fig. 2.155Db}.

From a factical standpoint, the sur-
geon should employ methods that
allow him to work gradually from
4 safety zone toward the target -
this in terms of encrgy dosage as
well as topography:

— The energy of the beam is low
(subthreshold) initially and is
gradually raised to the threshold
level. Multiple applications are
performed at each level due to

b Power at threshold for E: 50% of the
detiveries will be desired effects, but there
will be N as well, and evea the danger
of § increasés.

¢ Power al threshold for S: 50% of the
deliveries are side-¢lfects. The majonty of
the ather effects are E, but there ara slill

d Power above threshold for 5: Besides
8 there are still some £ and even N

Nore: The thresholds for £ and & are not
technically defined quanditics but vary for
every exposure, that is, at every new tasget
{ =new substrate) and after every delivery
{=change of substratg). Thresholds, thus,
are spatially and temporally unstable,

Praclical significance: After observing the
result of one delivery (at @ piven eoergy)
it is impossible to predict the result of the
next delivery {at the same energy output)!

the statistical nature of the opti-
cal breakdown effect.

— The beam is .initially projected
into a region where breakdown
is harmless (safety zong) and
from there is gradually moved to-
ward the critical target region.

— Each time the energy level is ra-
ised, the beam iz redirected to-
ward the safety rone, and the ap-
preach maneuver is repeated due
to the potential for optical break-
down outside the focus (see
Fig. 2.156¢).

— Treatment is discontinued when
the cellular debris from previous
oplical breakdowns create non-
homogeneitics in the substrate
that pose a risk of extrafocal
breakdown (Fig. 2.156b). Treat-
ment may be resumed after sufli-
cient time is allowed for sponta-
neous abserption and elimina-
tion of the breakdown products.

2.4 The Utilization
of Chemical Effects
(Electrolysis)

Direct current flowing between an
active and indifferent electrode not
only gencrates heat but also induces
a chemical reqesion involving the
dissociation of electrolytes with the
release of gas. In the process, alkali
radicals incite a colliquative necrosis
that occurs without significant tis-
sue shrinkage, while acid radicals
cause 4 coagulation necrosis with as-
sociated tissue shrinkage.

3 Preparation of the Operating Field

Besides the general surgical goals of
asepsis and anesthesia, preparation
of the operating field in ophthalmic
surgery serves the essential Function
of creating aptimmm spece-tactical
conditions for the impending opera-
tion,

Allineasures are directed toward

— establishing the largest possible
margin  of  deformation  (sce
Fig. 1.56), and

- eliminating all factors that reduce
or Jeopardize this margin of defor-
mation,

All preparatory measures should be
planned with these goals in mind,
for they determine the range of op-
tions and freedom of manipulations
that will be available to the surgeon
throughout the operation.

3.1 Lowering the Pressure
in the Intraocular Chambers

Preoperative reduction of the in-
traccular pressure is the essential
means for establishing a generous
margin of deformation. All other
measures are directed toward main-
taining this margin of deformation
and ensuring that portions of it are
not consumed before the operation
begins. The general intraocular
pressure can be lowered by drugs
that decrease aqueous production”
(e.g., carboanhydrase inhibilors,
beta blocking ageats) or by mea-
sures that reduce the vilreous vol-
ume (e.g., osmotically active drugs,
_mechanical compression of the
globe). Only the latter measures can
afect the vitreous chamber.

3.2 Anesthesia

There are twe ways in which anes-
thesia assists spatial tactics at the
stari of the operation:

— By suspending ocular moetility, it
eliminates eye movements that
might deform the open globe,

— By reducing myogenie tone, it in-
creases the passive mobility of
the globe.

The anesthesia should be applied by
a technique which avoids external
pressure that might alter the ld or
orbital volume.

All current anesthesia techniques
accomplish the primary goal of an-
esthesia — the ¢limination of pain.
However, none satisfies all require-
ments in lerms of spatial tactics,

Table 3.1. Comparisen of various ancsthetic technlques. The cotored squares show where practical techniques satisfy (he requirements

of an ideal anesthesia

Insensibility

Akinesia

of the globe

Increase Decrease

Bifeet on passive mobility

Bflect on margin of deformation

Danger of decrease
duering
final phase

during
initial phase

Ideal
anesthesia
Instillation
anesthesia
Retrobulbar + 1
anesthesia by infiltration by infiltration
of orbital tissue of o1bital tissue X
(dose dependent) | (dose dependent) |5
General‘ {+) (+) (+)
anesthesia without in tase of technical difticulties:
relaxation (defense, apilation, vomiling}

v

[
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and so the selection of an anesthesia
technique is always & compromise
(Tabte 3.1). If the disadvantages of
a particular technigue are oo ob-
jectionable in a given situation, dif-
ferent techniques may be combined
for an optimum result.!

3.2.1 Instillation Anesthesia

The_ocular siructures most sensitive
to pain are the integument (cop-
junctiva and cornea) and the anteri-
or uvea (iris and ciliary body). Top-
ical anesthetics such as oxybupro-
caine and lidocaine are employed to
desensitize the conjunctiva and cor-
nea. Pecp-acting anesthetics such
ax cocaing can provide anesthesia
for most intraocular precedures.
Instillation anesthetics are adequate
for procedures in which unre-
stricted muscular motility does not
compromise the surgical goat.

3,22 Injection Anesthesia

Injection anesthesia may be applied
as infiftration anesthesia or conduc-
tion anesthesia. Besides eliminating
pain, it can paralyze the extraocular
muscles and thus prevent ocular
and lid movements.

A disadvantage of injection anes-
thesia is that il increases the peri-
ocular tissue volnnes, whether by
the volume of the injected anesthet-
ic ar by inadvertent hematoma for-
mation. This jeopardizes the mar-
gin of deformation.? Thus, the in-
jection technique takes into account
not only the anatomy of the target
structures (¢.g., ciliary ganglion, oc-
ular muscles, paipebral muscles, fa-
cial nerve) but also means for
avoiding a localized volume in-
crease, Uniform distribution of the

injected anesthetic can be enhanced
by adding hyaluronidase to the so-
littion.*

3.2.3 Akinesia
of the Orbicularis Muscle

Temporary paralysis of the orbicu-
laris oculi prevents closure of the
fids, Direct infiliration of the muscle
(Fig. 3.1C) produces a swelling of
the lids that may interfere with the
conduct of the operation. Conduc-
tion anesthesia of the facial nerve
does nol affect the operative field.

\/Precmrt’mlar akinesin (Figs. 3.1A,

W

3.2A), requires only a small
amount of anesthetic. It blocks all
the zygomaticotemporal fibers but
may also block the descending
branches, causing transient oral pa-
ralysis. Parcorbital akinesia (Figs.
3.1B and 3.2B) infiltrates the nerve
over the bony orbital rimn. The infil-
trated area is larger and should in-
clude the fibers supplying the outer-
most parts of the orbicularis, which
are very active in lid closure.

¥ Hramples!

— General anesthesia and local infiltra-
tion may bacombined to prevent ocular
and lid movements dunng wcovery
from the general anesthesia.

— Instillation angsthesia can be combined
with other techniques in patients with
large ocular perforations, where eye
contents may be extruded dug to sicain-
ing or coughing during induction of
general anesthesia or to an increase in
the intraorbital volume during infilica-
tion anesthesia. The preliminary place-
ment of a few temperary sutures under
ingtillation anesthesia will lessen the
vulnerability of the globe to the side-
¢ffects of the other anesthelic measures.

2 There is particular dangsr when anes.
thelic must be reinjected after the eys has
been opened. In this case the margin of
deformation can be increased by tempo-
rarily closing 1he wound with sutires be-
fore performing the reinjection.

? Hyaluronidase promoles diffusion of the

anesthelic in the tssue by the depolymeri-
zation of interstitial hyaluronic aed; T has
ng effect on prateins (e.g., capillary walls,
9 SHERt DILE i

§cléra; fibrin, clotted blood). The action
of hyaluronidase is enhanced by pressure

to the injecied area (compression, mas-
sage).

3k
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Fig. 3.1, Metheds of producing orbicubaris
ocudl akinesia

A Preauricular conduction anesthesia, B8
_Paorbital conduction anesthesia. € Di-
Tect infilration of the orbicularis eculi ™

Fi'g. 3.2. Infection sites for conduction akin-
esha

A Preauricular infection: Abowt 1cm? is
injected anierigr iq the tragus (L., anteri-
or to the mandibular tubcrosity, identified
by palpation during jaw mwotion) at a
depth of 1 cm.

B Parorbital irjection: The needle is in-
serted gyg__r"lhp highest point of the zygo-
matic drch and is passed upward and na-
salty along the bony orbital rim. The nee-
dle is withdrawn to the tip before it is g¢-
q;@ctcd Inferiprly {ess traumatizing {han
“sweepiag* the needle through the tissue)
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Fig. 3.3. Retrobulbar infilicatton. To avbid

optic nerve injury, the needle is kept in -

1ke temporal half of the erbil and should

Fig. 3.5. Guidance motions for intraorbital
Infection

a If the neediz is pivoted about a fulerum
at the orbital rim to redirect it from A to
8, the tip will sweep through the intraochi-
tal tissues and, behaving as a shaep instzu.
ment, may cause undetected injury.

b 1f the needle is redirected from A o 5
by, pivoting it at its_tip, the tip position
remains stable, Tnstead the ncedle will dis-
place (issucs at the arbital margin (f), but
there it belaves as a blunt instrument;
also, the orbital tim tissues are not as criti-
cal as the deep intraorbital tissues. Redir-
ection is even less prablematic when the
needle is inserted transconjunclivally. In
this case the needls enlers the orbit farther
posteriorly, and the amplitude of fissus
shifts during corrective maneuvers is re-
duced (2)

b

Fig. 3.4. Requirements of the injection nee-
di

a Tip: A sharp tip (above) may cause inad-
vertent injury, so a tip with lower culling
ability (befow) is preferrad.
b Length: 3.5 cm or less (from the orbital
margin) o spare the apex.

c

¢ Rigidity: While rigid needles arc easy to
direct with accuracy (as shown in b), flex-
ible needles follow the path of least resis-
tanee and are more apt to stray. An at-
tempt to correct this by forcibly redirect-
ing the needle may achieve the opposite
result (here: redirection 1o the right causes
deviation 1o the left}

Fig.3.6. Transcutaneous approach. The
needle is inserted jn the lower lemparal
quadrant, below the tarsus. Rotaling the
eye upward and nasally removes the inferi-
or oblique muscle from 1he needie path
and stretches the peribulbar tissue, which
is then pierced more casily

Fig. 3.7. Comparlson of {ranscutancous and
transtanjunctival injection

a Transculaneous infection: A misdirected
needle can perforate the globe {(dashed ar-
rows). The steeper the angle of insertion
and the longer the glebe (myopia), the
greater the danger.

b Transconjunctival infection; The needle
is inserted behind the equator and will e

ther niss the globe. caompletely or bypass

itat a tangent. The needle eaters the mus-
cle cone directly
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3.2.4 Retrobulbar Ancsthesia

Retrobutbar injection blocks the i
fiary ganglion and paralyzes the oc-
war muscles by diffusely infiftrating
the posterior portions of the muscle
cone. The orbital apex is vulnera-
ble, however, because the optic
nerve, veins, and other structures
are so closely related that they will
not yield to an advancing needle
and are susceplible to punctuse
(Fig. 3.3). This danger can be re-
duced by using cansulas of an ap-
propriate shape, length, and rigidity
(Fig. 3.4) and by using an appro-
priate guidance fechnigwe (Fig. 3.5).

In the transcutaneons infection the
cannula reaches the muscle cone by
piercing the lid, orbital septum, fas-
cia, and orbital fat {Figs. 3.6, 3.7a).
1t encounters a relatively high, su-
perficial cutaneous resistance that
may make it difficult to appreciate
the resistance_offered by deeper

Structures.

For transconjunctival injection the
cannufa is inserted at the fornix
(Fig. 3.8) and is passed through the
periocular fascia directly into the
ninsele cone. The major difference
between transculaneous and trans-
conjunctival injection is that in the
latter, the cannula tip is inserted
beyond the largest ocular diameter
and so is unlikely to perforate the
eye (Fig. 3.7b).*

&

<D

Fig. 3.8, Technlque of transconjunctival in-
Jeetion. The drawing shows the techniqus
for injection through the superior fornix,
where the insertion site is covered by the
tarsus of the upper lid. (An analogous
technique may be used in the inferior for-
nix, althaugh this site is more easily acces-
sible.} The transconjunctival injection con-
sists of 1wo phases: maneuvering the nee-
dle to the insertion site in the fornix, and
advancing the needle Lo the target in the
orbit.
1 “The insertion site in the hidden supsrior
fornix is located by applying the needie
al a mare easily accessible part of the for-
nix (i.e., the lateral or nasal canthus) and
sweeping it upward to the insertion site
(fonig arrow) with the blunt side facing the
fornix conjunctivae (inser 1),
2 At the insertion site the neadiz is thrust
through the coajuncliva and passed along
the globe toward the orbilal apex. The
blunt_side of the needle should fuce the
ioc_uiar surface to avold injury {fnwser 2);
this is ensuced by rofaling the ngedle
90 degree about its oﬂax:s upon inser-
'tmn {stiore ¢ arrow)

+ When the globe is open (e, Tnjeclion
in case of traumatic perforation or reinjec-
tion during intraccular surgery), the trans-
conjunctlival route is hazardous. Resistance
at {he insertion site in the fornix can exert
traction on the conjunctiva which may be
trapsmilted to the wound marging and
cause them to separate. To prevent this, the
conjucliva must be immobilized with a fix-
ating forceps closs Lo 1he site of injection.
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3.3 Maintaining Sceparation
of the Lids

331 Methods of Opening the Lids

Simple separation of the Jids (Fig. 3.9)
recapitulates the natvral lid-open-
ing movement, and all movements
are consistent with the normal func-
tion of anatomic structures. How-
ever, this method affords limited
exposure and does not eliminate lid
pressure on the eye.

Lid retraction (Fig. 3.10) is ef-
fected by pulling the eyelids away
from the globe, resulting in an un-
physiologic deformation of the entire
lid region. Specifically, the lid mar-
gins are stretched and tend toward
a circular shape. This “palpebral
circle” (Fig. 3.11) is formed by

Fig. 3.9, Simple separation of the Jids pro-
duces a normal palpebral aperture with a
norat diveetion of traction

Fig. 3.10. Lid refraction enlarges the pal-
pebrat apertare beyond the physiologic
width by lifting the eyelids away from the
globe

pulling the upper and lower mar-
gins owiward and orbitally, and the
lateral margin inward and frontal-
1y.® The level occupied by the pal-
pebral circle when the lid margins
are on maximum stretch depends
on the resistance of adjacent tissues.
In the absence of anatomic obstruc-
tions, this level cerresponds to the
plane between the insertions of
both lateral palpebral ligaments at
the orbital margin.

The movements associated with
lid retraction cause a widespread
shifting of tissue that can affect the
orbital pressure. Raising the palpe-
bral circle away from the globe
(Fig. 3.12a) relieves pressure on the
arbit, while lowering the circle to-
ward the globe (Fig. 3.12b) in-
creases the resistance from the orbi-

tal cushion, and passive ocutar mao-
bility is reduced. Should the globe
come in direct contact with the mar-
gins or lid retractors, it may be de-
formed directly (with an associated
decrease in the margin of deforma-
lion).

For these reasons every effort
should be mads to raise the palpe-
bral circle away_from the globe. If
this does not happen spontaneously
by virtue of the orbital anatomy
(Fig. 3.13a), active outward trac-
tion must be applied during lid re-
traction (Fig. 3.13b). The distensi-

% In theory both the inner and cuter canthi
should move inward. But due te the steong
fixation of the nasal canthus, only the lat-
eral canthus is mobile.

Fig. 3.11. Formation of palpebral circle by
siretching of the Nd margins. When
sirelched, 1he [id maegins tend foward a
circular shape,

PR
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& When the palpebral aperture is in-
creased in the vertical dimension, its trans-
verse diameter js reduced, and the lateral
lid maegin is pulled inward. I tension is
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uniform, a circle resulls. Maximum sepa-
‘ration with 1id relractors may produce an
upright ellipse, especially following can-
tholysis.

b In an aitempt to lie on cne plane, the
upper and lowers lid marging move out-
ward aad downward while (ke [atera) mar-
gin moves inward and upward

Iig. 3.12. Movement of (he palpebral etrele
in relation to the globe

a When the citcle is raised, fissue from
the orbital cavity is pulled forward: the
globe recedes, the eye muscles relax, and
passive mobility of the plobe is increased.

b Lowering the circle: compresses the orbi-
tal tissue: the globe is pressed forward,
and passive mobility is deereased

Fig. 3.13. Positionlng the palpebral clrcle.
Effect of the direction of lid iraction on
the position of the palpebeal circle.

a If the globe is deeply set, lid traction
toward the orbilal margin creates out-
ward-directed voclors, and the palpebrat
circle is raised,

b If the globe is protuberant, lid traction
toward the orbital margin (4) has an in-
ward-directed component, and (he palpe-
bral <itcle is lowered. To raise he circle,
traction must be redirected by means of
strnls (B} to creats the situation shown
in a (broken fine)
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Fig. 3,14, Canthotomy

a The incision to enlarge the palpebral cir-
cumference caides minimat trauma when
made along the lateral muscle raphe.

b This raphe is on the line connecting the
inner and outer lid margins and is engaged
by applying a straight scissors Lo the tem-
poral canthus while keeping its handle di-
rectly over the nasal canthus. The contigu-
aus tissug layers (skin, fal, muscle, lateral
palpebral  ligament) are compressed
beforehand with a clamp to keep them
from shifting during cutling

bility of the lateral palpebral liga-
ment places an anatentic limit on
the level to which the palpebrat cir-
cle can be raised.

The configuration of the palpe-

bral circle can be surgically altered
by canthotomy {Fig. 3.14). This in-
creases the palpebral circumference
and o relieves direct pressure lrom
the lid margins. Cantholysis (Fig.
3.15), or division of the palpebral
ligaments, is indicated if these
bands prevent the palpebral circle
from being raised adequately.

.

Fig. 3.15. Cantholysis

a Ifatight lateral ligament prevents eleva-
tion of the palpebral circle, ils arms are
separated from their perosteal atlach-
ment.

b The ligamentous attachmenis afe locat-
e through ihe canthotomy incision by
probing upward and downward along the
irner orbital margin. Cutling directly over
the periosteum will help prevent hemor-
rhage, Traclion on the tarsus makes it easi-
er to identify the ligaments and assess the
effect of the progedure

3.3.2 Instruments
for Maintaining Lid Separatlon

Traction sutures (Fig. 3.16) are ideal
for effecting and maintaining lief
separation. If they are used for fid
relraction, however, difficulties can
arise: Because they act only at the
lid margins, the sutures have a ten-

dency to evert thie tarsus if ihie globe
is Tecessed, and to lower the palpe-
bral circle if the globe is protuber-
ant (Fig. 3.13), In this cass their cf-

ficiency can be improved by passing

them over_special supports on the
cheek and forghead.

" Lid hooks are inserted heneath
the lid margin to effect retraction.
The diameter and leve] of the palpe-
brat circle can be adjusted as
needed with simple tid hooks
{Fig. 3.17), but these must be
handled by an experienced assistant
who can deal with special situations
as they arise. In the self-retaining
lid retractor (lid speculum), the
hooks for the upper and lower lids
are interconnected. If the speculum

Fig. 3.16. Tracilon sutures are most effec-
tive when passed through the farsus. This
anchars them in Hirm Gs tissuc, and thete is
no danger of hemorrhage from the muscle
or marginal actery

is of the spring tensian type, the lid
aperture depends entirely on the in-
teraction between the lid tension
and spring tension and cannot be
adjusted (Fig. 3.18a), If retraction
is maintained by a screw thread or
screw clamp mechanism, a specific
aperture can be set and adjusted as
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Fig. 3.17. Simple 1id hooks, The back of
the book conforms to the curvature of the
ocular sutface at whatever angle it is ap-
plied

necded (Fig, 3.18b). The net weight
of the instrument determines
whether it can travel upward (i.c.,
outward) with the palpebral circle.
Heavy retractors depress the circle
and must be elevated away from the
bony orbital margin by mechanieal
supparts.

Fig. 3.18. Self-reiafning lid refractors

2 Light wice speculum with spring ten-
sion. For removal, the refraclor is rolated
90° (arrow), inoving the hooks into The

Tiorizontal meridian where the palpebrat

aperlure has ifs largest diameter.

b Lid specizhun of the screw-elamp type.
For removal, the branches are grasped
near the connecting post and are first
spread apart slighlly {urrow) to loosen be-
fore they are slid together

S
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3.4 Fixation of the Globe

Since all forces applied to the globe
have both a defornnng and a dis-
placing action, the surgeon can in-
crease the resisiance to one in order
to increase the effect of the other.
Increasing the resistance to passive
mobility aggravates the risk of de-
formation, while improving passive
mobility reduces the risk of defor-
mation.

Fig, 3.19, Effect of{palnt fixatioh

a Point fixation resists only the force vec-
tor passing through the center of eye rota-
tion and thg fixation site.

b Vectors from other directions displace
the globe. The center of rolation for this
motion is the point at which the fixation
instrument s applied

Fixation s¢rves to linit the pas-
sive mobility of the globe so that
the intended force vectors of surgi-
cal instruments can be optimally
applied, However, il wiplanned
Sforces such as muscular traciion act
on an immobilized globe, there is
a danger of deformation that can
be averted only by immediately re-
leasing the fixation so that ocular
mobility is restored.

Fig. 3.20. Eﬂ’ect‘igl'zpnal}xatlon

a Zonal fAxation immobilizes 1he eye
against vectoss from vasious directions.

b Since zonal fixation effectively reduces
passive mobility, applied forces deforni the
globe

In point fixation (Fig. 3.19), pas-
sive ocular movements arc pre-
veated only if the applied force vec-
tors pass through the center of rota-
tion of the eye and the point of in-
strument fixation. All vectors from
other directions will cause lateral
rotation of the globe, Thus, wn-
planned forces tend to displace the
globe rather than deform it,

Zona) fixatton (Fig. 3.20) immo-
bilizes the eye against vectors from
various directions. However, one
result of the improved fixation is
that unplanned forces® now tend to

™ deform the globe rather than dis-

place it.

The quality of the fixation de-
pends on the firmness of the fisswe
between the fixation instrument and
the sclera. It is best when the globe
is grasped directly by_the sclera.
Fixation by ocular adnexa is most
effective when applied close to their

canjunctiva near the limbus).

ote: The center of rotation for
eye movements is at the ocular
center for duction movements with
fixation instruments, but rotation
takes place about the fixation point
for manipulations with operative
instruments. T As a result, the right
and left hand will rotate the globe
about different points (Fig. 3.21).

% Such as resistance to a blunt cutling in-
strument.

7 The pailern of resistances may be such
that the operating instrument itsclf {c.g.,
a blunt culling instrument} produces a fix-
ation effect, further complicaling ihe rota-
ticnal movements of the plobe.

Fig. 3.21. Centers of rolatlon for passive
¢ye morements

a Intentional rotation of the eye with fixa-
tion instruments accurs abeut the geomet-
ric center of the globe (sce Fig. 1.44¢).

b The fixation instrumeat forms the
center of eye rotation when actions are
performed on the globs with other instru-
menls

Fig. 3.22. The rotating actlon of traction
sutures

a The suture is passed back over the ful-
crum formed by the edge of the lid retrac-
tor,

b The rotation produced by the suture is
determined by the angle o between the line
joining the center of rotation with the ful-
crum, and the line joining the center of
rotatien with the point of suture attach-
ment.

¢ When a=90, rotalion ceases. Furiher
traction on the suture only raises (and may
deform) the globe

I

L
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3.5 Traction Sutures
for Orienting the Globe

Traction sutures can be used to ro-
tate a particular part of the globe
into the operative field, The extent
of the rotation depends on the site
of suture placement relative to ils
fulerum (Fig. 3.22).

The suture may be attached di-
rectly to the sclera or to the adnexa.
[T the tissue between the suture and
the sclera is firm {e.g., attachment
to the sclera or a muscle insertion),
any traction on the suture will pro-
duce a corresponding rotation of

the globe. If the intervening tissue
is more compliant (c.g., attachment
to a tendon or jnuscle belly), only
part of the traction is transmitted

to the globe; the eye retains some .

passiv_e_r_n_ohilﬁ},—and this can pro-
vide a safely factor in c¢ase un-
planned forees are applied.

Note: Immobilization is not the
actual purpose of traction suturés.
If the suture does exert a fixating
effect, it should be released at once
if the eye is moved by unplanned
forces such as active muscular con-
traction. Otherwise the globe will
be deformed.

%
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3.6 Sutured-On
Stahilizing Rings

Local rings (see Fig. 1.464d) are spe-
cially configured to stabilize the
wound margins for ocular wall ex-
cisions and for the accurate fitting
of grafts.

Rings fer protecting the vitreous
chamber (sce Fig. 1.47) prevent
complications in case of destruction
of the diaphragm. They are used in
situations where there is preexisting
damage to the diaphragm, or where
a ruplure of the diaphragm is anti-

cipated during the course of the op- -

eration.

The rings themselves can be a
source of deformation if attached
too tightly (Fig. 3.23), so it is pru-
dent to feave the sutures slightly
lpose. This will not compromise the
function of the ring, since the ring
in effect becomes part of the scleral
system which itself is not complete-
ly rigid.

Fig. 3.23. Sutured-on stabillzing ring

a If attached too tightly, the ring will de-
form the globe.

b _Ever with slightly loose allachment the
ring can preserve lhe ‘anatomy of the dia-
phragm

3.7 Placement
of Transconjunctival
Muscle Sutures

If a muscle or tendon must be”

grasped through the conjunctiva -
for the purpose ofplacmg a tractlon( smm

suture or stabilizing ring, statistical
data can be used to estimate the ap-
propriate distance from the limbus
for the grasping maneuver (Fig.
3:24).

Bleeding is avoided by passing
the needle throygh the fnterspace
between the muscle and sclera, This
space is defined by elevating the
muscle away from the sclera. The
muscle is grasped through the con-
junctiva with a mouse-teoth forceps
whose tooth is appropriate for the
thickness of the intervening Lissue
layer {Fig. 3.25). Since the teeth can
grasp the tendon only when perpen-
cicular to the'ocular surface, the in-
tended grasping site must be rotat-
ed into view either with a second
instrument® or with the grasping
forceps itself (Fig. 3.27).

On insertion of the needle, inad-
vertent perforation of the sclera is
avoided by directing the needle tip
strictly parallel to the surface of the
globe (Fig. 3.26). Tactile feedback
s enhanced by holding the needle
stationary and moving the versatile
mouse-tooth forceps toward the
“necdle, rather than moving the
heavier needlcholder toward the
fixated muscle.

8 Bxamples: Forceps applied at tke infeci-
or linbus; squint hook thrust info the
lower fornix.

’/

Fig. 3.24, Trarsconfunclival muscle suture,

-, The tendon is grasped far encugh behind

its insertion that it can be compressed into
a buige. The needle is passed close to the
scleral sucface

—

" —

Fig. 3.25. Grasping through the conjuncilva
& To grasp the musclz, the forceps blades
are apened wider_than the m
50 that the teeth with the i ed layer
of conjunciival lissue can slip beneath the
tenden.

b Bringing the blades together causes the
tendon to bulge away from the ocular suc-
face

Fig. 3.26. Passing the muscle suture

a The needle tip is pushed underncath the
tendinous bulge, keeping it paralk) ta the
seleral surface.

b Passing the needle in a refary motion

creales vecter componenis directed to-
ward the sclera, with risk of pecforation

Fig. 3.27. The presentation of tendons cov-
ered by the farsus

& Using the forceps to rotate the eye: The
orceps is applied laterally at an accessible
pari of the fornix’ and from there is swept

upward _beneath the Tid. Jnsef; Smdoth

funﬂ._g glldmg is ensured by closmg the

s ~he
Ak O} ]:\t;,‘».,ﬁ
1 A kél}:ﬂ
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blades until the tips just mest (closure is
“not cumplclc) The two-toothed™ Blade
tads; protecting the tissue from the tip
of lhe single-toothed blade,

b To keep the teeth from slipping off the
muscle, they are pressed against the eye
surface (once in place) by bracing the for-
ceps against the fulerum of (be lid retrac-
tor {R). The tecth are not closed untijl they
are perpqnd{cular to lhe eyes urface (insel),
for anly ihen is their grip effeciive
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3.8 Final Check
of Preparations

Preparation of the operative fietd
must be undertaken with the great-
est care, for errors in this phase
jeopardize the conduct of the oper-
alion and may be impossible to cor-
rect later on.

Before the operation actually be-
gins, a final check is made to con-
firm that the goals of the preparato-
ry phase have been accomplished:

1. Efficacy of anesthesia:
— elimination of pain sensation
- akinesin of the extraocular
muscles

2. Unrestricted passive mnobility of
the globe:
~ relaxation of the extraocular
muscies
— 1o exophthalmus through or-
bital infiltration
or hemorrhage

3. No direct deformation of the
globe. No contact of globe with
lid margins or lid retcactor.

4, Low intraccular pressure. This is
the sign of a large margin of de-
formation and is the most im-
portant preoperaiive safety cri-
terion.

4.1 General Problems
of Surgical Technique

From a surgical standpoint, the
conjunctiva is composed of three
layers: the epithelial Iayer, consist-
ing of epitheliat cells and a thin sup-
porling layer of connective tissue;
a subepithelinl fibrous layer; and the
episcleral space (Fig. 4.1).

The epithelial layer is closely in-
terwoven with the underlying fi-
brous layer and presents as a sepa-
rate layer only when dissected. It
is then found to be compliant but
of low resiliency, tending 1o retain
any position assumed. The dis-
sected epithelium then also displays

Fig. 4.2, Separating the eplthelial lamella
from the subepitheliz] fibrous Fayer (dissec-
tion of Jarge stiding flaps). When dissected
from the contractile fibrous layer, the epi-
thelial lamella can be expanded 1o its full
stze

its extensive surface area, which is
necessary to follow the excursions
of the eyeball {Fig. 4.2}, Ordinarily
the true extent of the epithelium is
not apparent due to the constricting
effect of the subepithelial fibers. Un-
like the epithelium, these fibers are
resilient and can keep the redun-
dant epithelium from crimping dur-
ing ocular movements.

Directly adjacent to the globe is
the episcleral space, which contains
a melwork of fibers loosely con-
necled 1o the sclera. This space al-
Tows for motion of the conjunctiva
relative to the scleral surface. About
1-2 mm from the corneal margin
the episcleral space terminates at

,Fig. 4.1. Surgical anstomy of the conjuncii-

va. E The superficial epithelial lamella is
continucus with the corneal epithelium. #
The subepithelial fibrous tayer extends as
far as the limbus, § The episcleral space
terminates a short distance from the lim-
bus

the perilimbal zone, where the con-
junctiva is connected directly and
firmly to the sclera (Fig. 4.3),

With regard to surgieal technique,
it is useful o distinguish mobile
zones where the conjuncliva is free-
Iy movable from fivation zones
where the conjunctiva is firmly ad-
herent to the sclera (e.g., af the lim-
bus or at scars), Because the tissue
can evade cutting edges in the mo-

Fig. 4.3, Separating the sabepithelial fi-
brous layer from the sclera (exposure of the
globe surface). After the loose connective
fibers in dke episcleral space (F) are de-
tached and the perilimbal fibrous zona (F}
is divided, the conjunctiva can be elevated
to expose (he sclera. The conjunctival flap
may contract according to the etasticity
of the subepithelial fibers
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blle zones, its sectility is low, and
it is difficult to dissecl (hese zones
with much precision. On the other
hand, the Jow sectility is an impor-
tang 3afety factor i that it protects
the delicate conjunctival tissue from
inadvertent injury. This protection
is lacking in fixatlon zones. The
closer manipulations are carried to
these sites, the greater the danger
of inadvertent injury, and the
greater the caution that must be ex-
ercised when performing the ma-
nipulations.

In conjunctival incisions the
shape and position of the eut are
determined by the shifting tenden:
cles of compliant, resiffent tissue de-
scribed earlier (see Figs. 2.62-2.64),
The direction of the incision line (in
cuts made perpendicular to the tis-
sue surlace) is affecied by the fixa-
tion zones at the limbus, at scars,
and at innnobilizing  instriuments
(Fig. 4.4). A cutting edge tends to
push the tissue in the direction of
these fixation zones, and the result-
ing incision progressively deviates
away from the zones.

Fixation zones that affect the
depth of the dissected layer (in dis-
sections paratlel to the tissue sur-
face) are sites where the subepitheli-
al fibers attach to the epithelium
and to the sclera. The stronger fixa-

tion at a given location detenmings
the direction in which the cut tends
to deviage. Thus, the scleral attach-
nient is stronger in the region of the
perilimbal zone, so the cut tends to
deviate toward the surface (Fig.
4.5-1}. A downward deviation
tends to occur over the episcleral
space, where the fiber attachment
{o the globe is so tenuous that the
epithelial fixation predominates.
This tendency becomes more pro-
nounced toward the foraix, where
there is no deep fixation at all
(Fig. 4.5-3).

When the conjunctiva is grasped
and stretched with a forceps, the tis-
sue s both deformed and displaced.
It it is incised in this ¢condition, the

Fig. 4.4. Shifting tendencles of conjunctival
lissue. During cutting, [ree conjunctiva
shows a lateral shifting tendency like that
of tissue fixed on otfe side (see Fig. 2.63).
Thus, it shifts toward the fixalion zone

< at the limbas (f), toward scars (2), and

toward fixating instrumeats (3) {ie., the
resulting incision deviates from those fixa-
tion sites). Conjunctiva betwesa two fixa-
tion zones shows a forward shifting ten-

dency like that of tissue with bilateraf fixa-

tion (se¢ Fig. 2.62)

Fig. 4.5. Shifting tendencies of the subepi-
thelial Nbers. Fibers in the perilimbal zone
(#) have a stronger atlachment to the
sclera than to the epithelial lamella, so
they tend to shift toward the sclera in front
of the blade, In the epibulbar regien (2)
fixationt in either area nay predominate,

incision will acquire a different
shape and position when the tissue
is released (see Fig. 2.64). Thus, the
special properties of compliant, re-
silient tissue must be 1aken into ac-
count in grasping as well as cutting.

Dissection of the conjunctiva
may be performed on a superficial
or deep plane. In superficial dissec-
tion the epithelium is separated
from the resilient subepithelial tis-
sue. This yields latge shiding flaps

'

so ihe shifting tendency may be either 10-
ward the surface or toward the sclera. As
1he fornix is approached (3), the fibers lose
their deep anatomic fixation and tend to
shift away from the globe when exposed
to a cutting edge

(Fig. 4.2} that can be used to repair
defects in the conjunctiva or super-
ficial corneal layers (epithelial
transposition), Deep dissection ex-
poses the episcleral space and gives
access to the sclera, the adnexa, and
the interior of the eye (Fig. 4.3).
The desired plane_is_approached.

Jromthe lintbus to_obtain fornix-
_based flaps or from the epibulbar
zone to_obtain limbus-hased flaps

(Figs. 4648,

1 A
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4.2 Episcleral Dissectlon
{*Deep Disscetion ™)

The episcleral space behaves as a
potential space, which differs mark-
cdly from the over- and underlying
layers in its loose consistency and
so is readily accessible to blunt dis-
section. It can even be defined by
fluid injection, and this provides a
simple means of identifying the
spice in confusing situations (e.g.,
when the anatomy is obscured by
scars) (Fig. 4.17b).

A fornix-based flap is developed
by incising the conjunctiva af the
limbus, defining the episcleral space,
and undermining the flap toward
the fornix. If" an attempt is made
to cud from the cornea in a centrifu-
gal direction (Fig. 4.8}, superficial
deviation of the incision will {end
to oceur along the fibers in the firm
perilimbal zone, and ¢ntry into the
episcleral space may prove difficull.
Access is madg easier by prelimi-
nary infiltration of the episcleral

Fig. 4.6. Approach, 1% the decper Hssue
layers. Over theCscler) the conjunclival
layers are incised perpendicular to the
lobe (A, 8). In the approach from the
(ﬁégg, he desired depthis reached by dis-
secting parallel to the selera (4, 87)

Fig. 4.7, Inclsing the conjuactiva from its
surface. The placement of the blade tips.
_detesmines the depth of the incision.

a If only the most superficial layer is to
be divided, the tips are placed clase to the
apex of the fold.

b Placing the lips farther from the apex
yields a deeper inclsion that may enter he
episcleral space (A, B, sec Fig. 4.6)

Tig. 4.8, Incising the confuncilva Mrom the
limbus. The distance of the blade tip from
the limbus determines the depth of the in-
cision,

a If the blade tip is passad close to the
limbus, only subcpithelial libers are cut.

b IF the tip is more thar 2-3 mm from
the limbus, the episcleral space is enfered
{4, B, see Fig. 4.6)
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Fig. 4.9. Effects of lateral shifting tendency
inthe dissection of a fornix-based conjuncti-
val flzp

a One scissor bladg is over the cornea, the
ather has been passed into the episcleral
space through an incision. On closure of
the scissors, the loose comjunciival tissue

Fig. 4.12. Dissection of & limbus-based fap
in the fibrous perilimbal zone with a polnted
blade

a Sh.ifliag tendencies are minimized by
making the perilimbat subepithelial fibers

onto the cornea creates selective sectility,

shilts across the cutiing edge of 1he blade
toward the pedlimbal fization zons.

b “This causes a rim of conjunctival tissue
to be left on the limbus upon completion
of the cut,

¢ The cut tends to deviate frons the limbus
propeessively, so the rim becomes wider
as the cut proceeds. Broken fine: planoed
direction of cut. Arrow: actual direction
of cut

I*ig. 4.10. Prevention of lateral shifting in
the dissection of a fornix-based conjunciival
flap P

a Theo njuncliva(é pulied awqy}ong the
limbys by sirong forceps traction, while

The scissor blade is pushed in the oppasite
direction when the cut is made. This ex-
ploits thé refractife tendency described in
Fig.2.64.

b The combination of rction and coun-
tertraction allows division of the conjunc-
tiva flush with its limba! attachment.

¢ With lateral shifiing neutralized, the cut
follows the intended path along ihe imbus

space with fluid; this will also in-
hibit shifting of the perilimbal
fibers when the incision js made.

The gasiest method of dissecting
the perilimbal zone is 10 open the
episcleral space with a small radial
incision, insert one blade of a
scissors into the space through the
incision, and then continue the cut
on a path_parailel to the linbus,
The shifting tendency of the tissue
will tend to deflect the cut toward
the mobile zone (see Fig. 4.9), but
this can be prevented by exerling
firm traction on the conjunctiva,
pulling it away from its fixation site
at the fimbus (Fig. 4.10).

Once the episcleral space has
been eniered, the sclera can be sat-
isfactorily exposed by blint dissec:
tian. The surgeon should keep the

scissors blades continuously in con-
tact with the sclera and pressed
firmly against its surface (Fig. 4.11),
especially if visibility is poor and he
must rely on tactile feedback. This
ensures that the dissection will in-
deed follow the scleral surface while
sparing other structures inside the
orbit.!

A limbus-based flap is developed
by opening the conjunctiva over the
episcleral space and dissecling from

! This is particularly important in dissec-

tions behind the ocular equater (.2, for
enucleations or proceduses at the insertion
of the musculus obliquus inferior). Unless
the scissors blades stay in contact with the
sclera, they will stray into the orbit, and
separation of the blades can inflict damage
within the close confines of the orbital
cone.

Fig. 4.11. Blunt dissection of the eplscleral
tissue. The ends of ihe blades are pressed
firmly against the sclera. They contact the
fibers to be dissected near their point of
attachment, where they are mest sectils.
The guidance path of the blades follows
the ocular surface to preserve the adnexa
and orbital tissues

4.13

there toward the limbus. The inci-
sion starts in the easily dissected po-
tential space and terminates at the
fixation zone, At that site manipu-
lations must be performed with
greater precision, especially if the
perilimbal zone is to be mobilized

as far as the corneal epithelium.
Tissue sectility.in that area is high,
and the layer to be dissected is thin
and fragile, so there is a corre-
spondingly greater risk of inadver-
tent flap perforation. This is
avoided by guiding the blades

i, only the row of fibers directly in from
of the blade is made tense. The adjacent
fibers and the epithelial lamella attached
to them are in a lax condition and so are
less vulnerable (sce also Fig. 2.55¢).

b Avoidance of hazardeus vectors during
blade guidance. Left: Each cut is made
parallel to the limbus to avoid vector com-
peacnls direcled toward the cornea.
Right: There s a tendency to curve the
_ncision in the opposite direction when the
surgeon s esling his hand comfertably
on a support (i.e., movements tend to oc-
cur as a rotation about the support). In
this case there are vector components di-
rected toward the carnea, and there is a
risk of inadvertent perferation of the con-
junctival flap at its base

Fig. 4.13. Scissor dissection of a Hembus-
based flap in the perilimbal zone

a When the Rap is reflected the aut sub-
_epithelial fibers closely overlie the sclera,
so the stissor points can divide them only
when the blades are held verdically (sce
Fig. 2.85).

b- Avoidance of hazardous vectors. Lefi:
Cn closure from a small blade aperture,
the tips of the scissors are guidad almost
paraliel te the limbas. Righe: On closure
from a large aperture, the tips move in
the diredllon of the refiected conjunctival
flap and may perforate it o

strictly parallel to the limbus, as this
climinates vector components di-
rected toward the cornea (Figs.
4.12, 4.13). Even so, there is a
danger of perforation if the luteral
shifting tendency of the tissue draws
the conjunctival flap inte the path
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Fig. 4.14. Effect of lateral shifting lendeni:y

Trom the reflecied flap toward (aeic seleea
"atiachmént. The greaier ihe distance tra-
veled by (he blade, the mare tissue is
shifted scleralward. Ultimately the con-
junclival surface may enter the cutting
path and become sectioned.

Fig. 4.15. Signs of impending peeforation
during lateral shifting of the conjunctival
ftap. Tissue folds crossing the limbus are
a sign that there ace still undivided fAibers
in froot of the btade. These fibess pull the
conjunctival flap toward iis sile of scleral
attachment and may deaw the epithelial
tamella inte the path of the blade. Note:
The presence of these folds indicates that
the countertension on the flap is insuffi-
ciend to neutralize the shifling tendency.
The remedy is inceeased countertraclion
o the Nap {as illustrated in Fig. 4.12a).

in the drawing the white portion of the
perilimbal zone {to the right of the fold)
represents the parl already divided; the
gray portion {fefi} is not yet divided

a Lateral shifting tendency when cmling‘

with a razor blade tip.

b Shifting tendency when cuoiting with
scissors. Tissue is drawn between the
bfades during closure. Since the amount
of shift (and the danger of ftap perfora-
tion) depends on the distance traveled by
the culling point, it varies with the blade
aperture and caa be reduced by laking
small scissor bites (see alsa Fig. 4.13b)

of the blade (Figs. 4.14, 4.15). This
is avoided by applying countertrac-
tion on the flap in the direction of
the cornea.

When all the subepithelial fibers
have been divided as far as the lim-
bus, the fold at the reflected epithe-
lial layer appears as a sharp step,
signifying that the episcleral dissec-
tion is complete and any further
cuts would perforate the flap itself
(Fig. 4.16).

<

Fig. 4.16. The campletion of deep episcleral
dissection. When the last subepithelial
fiber attachments have been seyverad, a
conspicuaus step (gray) appears at the re-
fleition of the epithelial lamella. Where
fibers are stili preseat, 1he flap surface ap-
pears to be continuous with the sclera

4.3 Subepithelial Dissection
(““Superficial Dissection*)

Superficial disscctjon scparates the
conpumetival epithelium frem the
vesilient subepithelial fibrous layer.
It is technically more demanding
than episcleral disscction, becavse it
does not follow a preexisting space.
The surgeon himself must define the
plane of the dissection.

The size and mobility of superli-
cial conjunctival flaps depend on
how carefully the contractile subep-
ithelial tibers have been divided,
i.c., how thinly the flap has been
developed.? This is made difficult
by the poor sectility of the subepi-
thelial fibers. The fibers may shift
upward or downward ahead of the
blade, depending on the predomi-
nance of the fixation sites, resulting
in a corresponding deviation of the
cut. The surgeon's task is to apply
measures that will increase the sec-
tility of the subepithelial fibers
while influencing the shifting ten-
dencies in a way that will allow the

? The subepithelial dissection of a sliding
Nap for whole-comea coverage is especial-
Iy chaltenging. A very thin flap is needed
not just e obtain a teasion-fres flap of
adequate size but also for cosmetic rea-
sons, sinee the flap shovld be as transpar-
ent as possible.
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Fig. 4,17, Fluid infitteation of the conjuexti-
¥

a Superficial infiltration of the subepithe-
lial fibers. The cannula is inserted just be-
low the conjunctival surface, its blunl side
facing upward to avoid epithelial injury.
Superficiat infiltration increases the ten-
sion of the subepithelial fibers.

b Deep infiltration of the episcleral space.
The cannula glides smoothly aver the
sclera with its blunt side turned dewn-
ward. Infiliralion of the episcleral space
reduces tension on the subepithelial libers

4.18

a

Fig. 4.18. Techalque of subeplthelial infil-
tration

a Dissection with fluid: Iajecting Ruoid
Irom a stationary cannula forms a large
vesicte which discupts the finec subepithe-
lial fibers and creates a cavity. When in-
cised, the whole vesicle collapses and can-
not maintain tension during the dissection.
b Increasing tension with fluid: If (be cun-
nula is advanced during the injection, nu-
merous small fluid chambers are fermed
whicl provide fension even during pro-
gressive superficial dissection

dissection to proceed on the desired
plane,

Generat sectility can be increased
by infiltrating the tissue with fluid
(Figs. 4.17a, 4.18}, and employing
a special dissection technique io
avoid premature drainage of this
fluid (Fig. 4.19).

Local sectility can be enhanced
by making the fibers fense with for-
ceps or with the scissors ilself
(Fig. 4.20). This tension can be pro-
duced only il the fibers are firmly
wichored 1o the sclera. IT this fixa-
tion is absent, the {ibers will shift

b

foward the epitheliom, and a thin
{lap cannot be dissected. Even ex-
erting greater upward traction will
not offset this tendency and would
cnly draw more fibers toward the
¢pithelium, resulting in an even
thicker flap (Fig. 4.21).

Fig. 4.19. Disseclion of the infillrated con-
junctiva. Tension is maintained jo Lhe infil-
trated region as long as possible by first
culting discrete channels through the infil-
trated tissue (1), leaving “pillacs™ in be-
tween to preserve tension. These piltars arg
then divided in a second step (2)

The surgeon’s main task in super-
ficial dissection, then, is to preseive
existing deep attechments and to
create them where they do not al-
ready exist, Above all, he must
avoid opening the episcleral space
either by cutting (Fig. 4.21 left) or
by Nuid infiltration (Fig. 4.17b). In
the region close to the fornix, where
the conjuncliva lacks a deep ana-
tomic fixation, this fAxation must be
created artificially by traction to the
subepithelial fibers (e.g., with lrac-
tion sutures, Fig. 4.22), This trac-
tion simultancously redirecis the

4.19




Fig. 4.20. Stretching the subepithelial fibers
with sclssors

a Strelching the fibers by lifting the fibers
verdically from the globe.

b If the tensicn preduced by this maneu-
ver is insufficient, it can be increased by
adding a latesal motion of the stissors

Fig. 4.21. Lateral shifting tendency as an
aid to conjunctival dissection. When
stretched, the fibers zhead of the advanc-
ing blade are shifted in the direction of
the strongest fination. Right: Fibers
securely altached to the sclera ars shilled
toward ihat atlachment. Exesling more
tension accentuales this effect, yielding a
thinner superficial layer. Left: In the ab-
sence of scleral attachments, the epithelial
lamella becomes the strongest fixation site,
and the subepithetial fibess are shifted to-
ward il by the advancing blade. This re-
sults in a thick dissected layer, which be-
comes even thicker as more upward ten-
sion is applied

I

I
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Fig. 4.22. Inverting the angle of atlack of
the caltlag point, The subepithelial fibsrs
cause a lamellar deflection of the culting
point whes under tension. The angle of
altack determines the direciion of the de-
flection.

a If the subepithelial fibers above Lhe
scissors are pulled toward the scissor joint
by teaction on the epithelial lamella, they
present Lo the culting point in a manner
that deflects the cut downward {toward
the sclera), and 1he dissected superficial

‘layer conlains more subepithelial fibers.

b If the subepithelial fiers &elow the
scissors are pulled {oward the scissors
joint, the angle of attack s inverted, the
catting point is driven upward, and a thin-
ner lamella is obtained.

e Angle of atiack of the scissors on the
subepithelial fibers. The red lfne indicates
the path of the cudting point.

¢ Traction on the superficial famella pres-
enlts the subepithelial fibers in a way that
deflects the cut downward {analogous te a).

d Inverting the aliack anple: At sites
where the subepithelial fibers are well an-
chored to the sclera, a traction suture in
the globe can present the fibers at an angle
1hat deflects the cul toward the surface.

¢ Inverling the attack angle: At sites
where the subepithelial fibers lack ade-
quate deep fixalion, the angle is invericd
by & traction sulure placed through the
Jibers themselves (analogous to )

subepithelial fibers, producing a la-
mellar deflection which drives the
cufting point of the scissors toward
the epitheliun and helps to keep the
dissection on a superficial plane.
The deep fixation can produce an
infolding effect when the flap is ele-
vated. These infolds, which can lead
to inadvertent perforation of the
thin flap (Fig. 4.23), arc avoided by

applying & skillful blend of tension
and countertension and by contin-
ually adjusting to the changing con-
ditions. Perforations can alse be
avoided by cutting with a small
seissors aperture so that the folds
are nol drawn’ into the interblade

area.
Superficial and deep flap dissee-
tion employ different techniques of

scissor guidance in that a large blade
aperture is generally used for deep
dissection and a small aperture for
superficial dissection. Also, where-
as blunt scissors may be used for
deep dissection, superficial dissec-
tion requires sharp scissors with
pointed tips that can cut effectively
in small “*bites” (see Fig. 2.84q).
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Fig. 4.23. Deformation of the conjunctiva

by local traction to the subepithclial fibers

a On elevation of the conjunctiva, the
slitl-adherent subepithelial fibers produce
a deep infold that may come between 1he
seissor blades leading to perforation of the
epithelial flamella. This is avoided by tak-
ing very small scissor biles, i.e., working
with & small interblade area,

4.4 Suturing
the Conjunctiva

The margins of conjunctival wounds
have a tendency to curl due to the
resiliency of the subepithelial fibers,
To obtuin proper apposition of the
layers for suturing, this refraction
must be offset by conntertraction on
the subepithelial fibers, The fibers
are engaged with the tooth of one
forceps tip or grasped direcily with
a smalt forceps and stretched out.
This expands the overlying epitheli-
al layer, which can then be pierced
at its margin (recognized by its dis-
tinctive vascular pattern) with a su-
ture needle.

The inherent compliance of the

conjunctiva allows great latitude in
the selection of suturing technigues.
Tissue deformations by the suture
rarely compromise the operative
goal. They can even be utilized to
effect Lhe compression necessary for
uniting the tissues,

The postoperative adherence of
the conjunctiva is extremely geod

f/(ff”f.’fm:...u.

M X
b If the conjunctiva is stretched out flat

.- 50 that it parallels the guidance path of

the scissors, the scissors can cut close

along ihe surface without perforating it. .

The guidance patk of the scissors (i.e., the
surface on which the culling edges move
during closure) is autlined in red

and rapid on a vascular substrate
but is poor on the avascular corneal
surface. Hence, conjunctival flaps
for covering the cornea should be
fixed to the vascularized circumcor-
neal tissue. Flaps for partial corneal
coverage can be advanced onto the
cornea and made tense by shorten-
ing the wonnd margins with sutures
(Figs. 4.24, 4.25), but this tension
cannot withstand strong distupiive
forces. To counteract high pres-
sures, epicorneal sutures are used to
secure the flap (Figs. 4.26, 4.27).

Fig. 4.24. Fixation of a conjunclival flap by
plicating the fateral wound margins. The
lateral wound margins are plicated with
sulures and fixed episcleratly. This exerts

/ tension on the flap and presses it onto the
cornea. The tension achicved depends on
the number of contraclile subepithelial
fibers still adherent. But this also increases
the relractile tendency of the Map, causing
it gradually to recede

Fig. 4.25. Fixailon of a conjupctlval lap by
Iateral wiedge eaclsions. Redundant con-
juncliva at the lateral wound edges is ex-

'lcised, and the margins are approsimated
with sutures. This eliminates 1he bulging
effect in the preceding figure and promotes
rapid adhesicn

Fig. 4.26. Fixation of a conjunctival Nap
over a small Jameltar keratectomy. The
conjunctival flap is tacked to the comea
with a watertight lock-stitch suturg. The
curvatvre of the wound line controls the
position of the linking thread segments,
so that they overlie the conjunctival side
of the suture (see Fig, 2.117)

ifig. 4.27, Fixatlon of a flap over u large
lamellar keratectomy paralle! 1o the lfmbus.
The flap is secured wilh an Jnverted mean;
dering suturg, whose bridging segments
me&d firmly onto the cor-
nea. (With a lock-stitch suture, the bridg-
ing scgments would stip off the flap be-
cause the curvalure is opposite o that in
Fig. 4.26)

Suturing the Conjunctiva
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Fig. 4,28, Fixation of a cenjunctival flap
covering the whole-cornea, The thin, deli-
cate Nap is tacked to the sclera with a lock
slitch. The curve of the suture line keeps
the linking segments in the correct posi-
tion for compressing the flap ento the lim-
bus (¢f. Fig, 4.26)

Flaps for total corneal coverage
are advanced over the cornea and
sutured to the vascularized limbal
sclera on the opposite side. Flaps
of this size are very thin and can
tolerate little tension at the wound
margin, so suturg types are chosen
that exert pressure over a large area
{Fig. 4.28).

In electrocoaptation the conjunc-
tiva is squeezed into a fold between

the blades of a bipolar forceps
{Fig. 4.29) and then coagulated,
The coaguium forming belween the
electrodes is comparable to a fast-
selting adhesive. Though unable to
resist strong forces, electrocoapta-
tion is appropriate for the fixation
of conjunctival flaps that are placed
without fension and adhere rapidly
to the substrate.

Fig. 4.29, Electrocoaptaiion of the conjunc-
tita. G Grasping forceps for upproximat-
ing the conjunctiva, C, Bipolar diathermy
coapling forceps. The diathermy e¢ffect
bonds the conjunctival fold (see Fig. 4.24)
together by coagulated protein (). But
simiZar coagula can form batwesn the con-
junctival surface and coagulating forceps
(A}. If the adhesions at A are strenger than

the adhesion ai A, the latter {(which is the
goal of the manipulation) may scparale
when the coapting forceps are opened.
This is avoided by keeping the coapting
forceps closed while withdrawing it along
the fold (wrow R). Additionally, the
grasping forceps G holding the conjuncli-
val fold together is removed only after the
coapting foreeps C has released the tissue

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, [rom zones with
irregitlar  lamellae, 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 surglcal mani-
pulations is greatly influenced by
the infraocular pressure. Methods
that are effective at a high pressure
are not so when the pressure is low.

Fig. 5.1, The comeoscleral boundary: zone
of regular lameltar archifecture and fransi-
tion zone, Externally, 1he vertical corneal
diameter appears smaller than the hori-
zontal, bui internally the diameters are ap-
proximalely equal in both directions.
Thus, the transition zone at the limbus is
wider superiorly and inferiocly than later-
aily and medially

This means that inanipulations
serving one and the same purpose
must be performed differently be-
fore and afler 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 anysvhere
on the globe, for in this situation
it will fixate the eye as a whole,
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Tig. 5.2, Effect of corneoscleral famellay
structure on calting fechnigue

a Decause the tissue has a tamellar strue-
tute, an incision’started obliguely tends
to stray onte the plane of the lamellae.
Thus, a blade insérted zt point A will not
follow a straight path to point 8, but will
enler the anterior chamber at €, Allow-
ance must ba made for this, but the dis-
tance d of the lamellar deflection is diffi-

|
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When the intraocular pressure is
low, fixafion is effective only when
the tissue is grasped and immobi-
lized very close to the cutting edge
(Fig. 2.54c).

Intraocular pressure also affects
the sharpness of culting instry-
ments. Blades thal are sharp at high
pressure can behave as blunt instru-
ments when the pressure is low (see

A\
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cult o estimate as it depends on the cut-
ting ability of 1he btade and the seclility
of the tissue.

b If the chamber is to be enlered al a pre-
determined point B, a metal keratome (rel-
atively blunt) necds Lo be inserted more
peripherally (4°), while an ulira-sharp dia-
mond blade can be inserted at A along
a straight path aimed directly at B
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Fig. 2.53). This musi be considered
when attempting to open the anteri-
or chamber as well as in the dissec-
tion of lameilue. An incision made
obliquely through the lamellae
tends to stay on the original path
when the intraccular pressure is
high, but at low pressures it under-
goes significant lamellar deflection
and may even fail {o reach the {ar-
get (cf. Fig. 2.61). As it is difticult
to assess the tendency toward la-
mellar deflection in a given sitva-
tion, poor precision is always a risk
when obligne incisions are use
{Fig. 5.2). In work requiring high
precision, then, these incisions
should be aveided in favor of inci-
sions made perpendicular or paral-
lel to the lamellae. The vertical inci-
sion determings the precise depth of
the cut, while parallel dissection de-
termines the size of flaps.!

Fig. 5.4. In¢ision with a preset depth

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

5.2 Disscction Technigue

Reaching the Desired Depth. The
depth of a vertical incision can be
estimated from theslength of blade
imersed in the tissue (Fig. 53.3). In
longer incisions it is easier to main-
tain a specified depth by fitting the
blade with a stop (Fig. 5.4). How-
ever, this stop will function precise-
ly only if the knife is held at a desig-
nated angle to the tissue surface

Fig. 5.3, Vertleal incislon. The depth of a
vertical incision is eslimaled by the lengih
of blade tip concealed by the tissue

(Fig. 54¢). The preset depth can
never be achieved along the entire
cut, the dilference depending on the
shape of the blade and its guidance
(Fig. 5.5).

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

' Examples: In b limbal transition zone:
Narrow flaps for 3-step incisions, wider
flaps for covering antiglaucomatous fistu-
lae. In the cornea: Lamellae geafts. In the
sclera: Pockets for inlrascleral implants in
buckling retinal detachment operations,
lamellar  sclerectomies for removal of
uveal funiors.

 This siep calls for high precision if (he
flap must have a uniform thickness to its
outer edge, as in lamellar keratoplasty.

b The results are determined by the guid-

“ance divection of the culting edge. They

are not infuenced by whether the Blade
is “pushked” or “pulled™ through the fis-
sug, although a ferward jocision (righs)
gives a better view of the ilasue 9 be in-
cised.

¢ The preset depth is reached only when
the blade holder is held in a predetermined
position. In other positions the entire pre-
st blade length may not enter the lissue
(feft). If the holdet is pushed down against
compressible tissue (righr), il may indens
the surface and cut to a greater depth than
the preset value

bl
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Fig. 5.5. Profiics of verllcal culs at preset
depth, Shown here are cuts produced by
a triangular diamond knife with lront and
rear culling edges (inset).

Left: Paths traveled by the blade.

Right: Resubting cul profiles.

X: Portion of cul with insufiicient depth.

a [[the blade is gradually introduced into
1he tissue while moving forward (ff1), 1he
inilial part of the cul will be more superfi-
cial than planped (i.e., than presct with
ihe stap).

B 1f the blade is thrust full depth into the
tissue (A} before the horizontal motion (8)
is begun, 1he col 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 lengitudinal cut profile is eblique at
the beginning and vertical al the end,

e If the same bladg is pulled, the cut pro-
file is vertical a1 the beginning and obligue
at the end

Z

Fig. 5.6 Starilog the lamear dlsseclion

a The tissue is incised Lo the predeter-
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 te assess accurately Lhe depth of the
incision. The blade hus to be applied
obliquely and may not reach the desited
plane.

¢ Precision is increased by passing the
blade vertically io the base of the prepared
greove and then pushing it laterally while
keeping it in the upright position.

d Given the space limilatiens, a shorl an-
gulated blade lacilitates the initial under-
mining of the flap,

e As the undermined area offers suflicient
space for manguvenng, the dissection may
be continued with a blade inserted
obliquely
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Fig. 5.7. Dissection of iamellae. The var-
ious {echnigues of lamellar dissection
differ in how the maobilized flap is held
while the interlamellar fibers are divided.
A: Insitu flap

B: Blevated {lap

C: Reflected flap

In 4 the fibers 1o be divided retain theic
anatomic posilion, but they are obscured
by the overlying flap. # and C allow a
direct view of the fibers but lead to the
formation of a hings fold, ie., to tissue
defermation with a change in tension

Continning the Lamellar Dissec-
tion. When sufficient space has been
created at the base of the cut for
manguvering the blade, wvarious
techniques are available for con-
tinving the lamellar dissection.
They differ with respect to visibility
and tissue tension, and these are de-
termined by the angle that is main-
taincd between 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 diflicult to monitor
visually and is suitable only in cases
where the dissection can be per
formed bluatly.* The fibers to be
divided are obscured by the overly-
ing fiap, and only the position of
the blade can be evalnated. It is
directly visible in the transparent
cornea; in opaque tissue il can be
checked indirectly by lifting the

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

Dissection with an elevated or re-
flected 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 aflects
the position and tension of the
fibers to be divided.

In the elevated fap, the inferla-
mellar fibers at the ends of the
hinge foid come under high tension,
while the fibers at the center of the
fold ar¢ lax (Fig. 5.9). This means
that the cutting edge tends to en-
counter decper {iber segments 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 mainiain the
plane of a given lametla.

The effects of the hinge fold can
be reduced by shortening 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 riot
stem directly from the forceps trac-
tion. Its distribution over the hinge
depends far more on the guantity
and fension of the reflected tissue
(Fig. 5.10). Thus, a uniform tension
can be mainiained across the devel-
oping flap, regardless of the flap
width, and this makes it easier to
dissect a flap of cven 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 intraccular
pressure depends on the thickness
of the reflected flap, so it can be
decreased by reducing the flap
thickness.

I This techrique is most satisfactory for
the blunt dissection of well laminated tis-
sue, e.g., for lamellac kcratoplasty in situa-
tiens where healthy coroza is retained be-
neath the excised areas. The safely of the
blunt dissection is enhanced by low sectil-
ity (Jow intraocular pressure).

* It js safe to pesform the lifting movement
separately from the cutling movement,
i.e., to discontinue cutting while checking
ihe blade positien, and vice-versa.

3 Where high precision is required, as in
preparation of the bed for lamellar kera-
toplasty, it is best achieved by dissecling
thin lamellae fayer by Jayer.

T
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Fig. 5.8. Lamellar disscction of an (n sit
flap. Tissue deformation is slight and is
minimal when the blade or its neck has
the same curvalire as the subsirate tic.,
the ocular surface). The interlameliar
fibers to be divided retain their natural po-
sition. Their tension depends on 1he thick-
ness of Lhe blade

Fig. £9. Hinge formation by an elevaled
fap. Blevating the dlap creates a hinge fold
with characteristic effects: The lateral
edges of the fiap (£) are 1aised and the
adherent fibers are made tense, while the
ceater of the flap {C} is depressed and its
fibers are lax. If division of the fibees is
started at the edges, the hings becomes
shorler, and the central fibers gradually
come under tension

Fig. 5.10. Hinge formation by a reflected
flap. When the Rap is refiecled as it is de-
veloped, the hinge tends to be curved; the
tension of the interlameltar fibers depends
on the flap thickness, and therefore the
fibers can ba made uniformly tense. Un-
equal tension develops only if there is sub-
stantial resistance to bending of ke hinge
axis
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Fig. 3.11. Development of an elevated Map.
The interlamellar fibers to be divided are
psrpsndicalar to the tissue surface, 50 a
blade held perpendicular to the fibers is
parallel to the Bamellae themselves.

a Sectioning the fibers close 1o the flap
ylelds a thin superficial tamella.

b Sectioning the fibers at their base yields
a thicker flap,

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

Since changing the position of
the flap alters not enly the tension
on the interlamellar fibers but also -
their direction, the direction of blade
moventents must be changed ac-
cordingly. In the elevated fiap, the
fibers are pulled wpward. Cutting
the fibers at theic upper end yields
a thinner flap, 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 reflected flap, the
exposcd fibers acquire a more hori-
zontal] orientation, so the flap thick-
ness is changed by horizontal move-
ments of the blade (Fig. 5.12).

Fig. 5.12. Developoent of a reflected Map.
The interlamellar fibers are oriented
roughly parallel to the direetion of the fa-
mellae. The blade is held vertically.

a The superficial lamella is made thinner
by dividing the fibers close to the fold.

b A thicker ftap is obtained by sectioning
1he fibers near their base, or farther away
from the fold.

¢ The plane of the dissection is adjusted
by horizontal movements of 1he blade, i.c.,
by moving it closer 1o the fold or Tarther
from it

5.3 Planning the Approach
to the Eye Interior

Considerations in ptanning the ap-
proach for an intraccular 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.e., the
size of the useful access opening. But
equal attention must be given to
planning the wound closure. Effee.
tive closure implics 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 geometric 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 factors also in-
fluence closure by determining the
biologic healing potential of the
wound (i.e., long-term closure). ®

The best route of approach to 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
gither be estimated from statistical
data on the limbal distance or de-
termined directly by diaphano-
scopic Lransillumination (Fig. 5.14).
Whether the ineision is made ra-
dially or parallel to the limbus will
depend on the relation of the pro-
posed incision to the course of the
larger wveal vessels. The exposed
vessels themselves can be difiicult
to distinguish from surrounding
pigmented tissue by visual inspec-
tion. They are identified either by
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diaphanoscopic  transillwmination
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 tissug {cornea).

7 Shrinkage is reduced over bleod vessels
because convective heat irznsfer is higher
thar in the neighborng avascular tlissue
(sce Fig. 2.138).

Fig. 513. Approaches {o the eye interfor.
‘The vitrecus chamber is reached with few-
est complications through the pars plana.
A more anterior approach is obstriscied
by the citiary muscle and may provoke
bleeding from the vessels of the ciliary pro-
cesses. Approach behind the pars plana
would perforate the retina. The anterier
chamber is best approached from the lim-
bal region so that any postoperative scars
will not impair vision

Fig. 5.14. Approaches to (ke vlireous
chamber. The danger of hemorrhage on
perforation of the vascularized uvea de-
pends on the relation of the incision ta
the course of the vessels, Incisions that
cross the vessels (fft) expose multiple vis-
cular branches, and a suitable access sile
<an be found between them. Incisions par-
allel 10 the vessels (righe) can be made lon-
ger without vascular injury but make it
mare difficult to locate an avascular inter-
val. The dark-shaded orea represents the
ciliary zong that absorbs more light under
diaphanoscopic itlumination. Nore: The
limbal distance of the ora serrata is shorter
nasally {6 mm) than teanperally (7 mm)
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Fig. 5.15. Approaches to (he anterior
chamber

a Cuter surfuce

Scleral incision:  Vascularized } Subcon-

Limbal incision: Nearly avas- }junclival
cular

Corneal incision: Avascular

b Inner surface

Subriliary approach: Implies cyctodialysis

Angular approach: Traverses 1he struc-
tures of the chamber
angle

Corneal approach:  Perforates Desce-
met’s membrane and
the endothelium

The routes of approuch 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-
junctivat flaps, which are uselul for
effecting rapid closure and wound
repair but may obstruct the view of
the operaling field in the anterior
chamber,

Internally (Fig, 5.15b) it is in-
portant to consider the relation of
the incision to the structures of the
chamber angle, A corneal approach
enfers the chamber at a distance
from the iris rooft, facilitating the
removal of synechiae and incarcera-
tiens and decreasing the liketihood
of their formation in the postopera-
tive period, i

Bntering «f the chaniber 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 scieral 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 Geomelric Faclors
in Opening the Globe

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

Planning the Useful Opening

The wound lenigth visible on the ex-
ternal surface of the eye gives no
clue to the wuseful opening that is
available to the operator. The
lengths of the external and internal
openings may differ greatly owing
to the thickness of the ocudar wali,

The ratio of the internal and ex-
ternal openings for a given incision
technique is influenced by the width
of the wound sarfaces. 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 {he level at which the inei-
sfon 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 minlmal 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 mobilily 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 the
fissue parts that must be removed
from the eye.

5.16
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Fig. 5.16. Widih of the «14 surface. The
widlh of the cut surface cepends on the
angle of the incision relative fo the perpen-
dicular on the globe surface

Fig. 5.17. Change in the cut surface on par-
allel shift of the inciston. Paralle] incisiens
in a thick-walkd dome (such as the cor-
nea} have surfaces of varying size.

a ln incisions parallel to the izis, the area
of the cut surface (red) increases toward
the apex.

b In incisions perpendicular to the iris
plang, the cut surfaces become smalter to-
ward the apex

517

Fig. 5.18. Infernal and external wound
Tengths for various lypes of incision

A Cataract knife incision: The discrepan-
<y batween the internal opening and exter-
nal wound length is substantiat.

B Kcratome incision: The discrepancy is
smaller.

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

D incision with a peinted knife: The in+
ternal and external epenings do not de-
pend o2 instrument shape and can be fash-
ioned as desired. Here the internal epening
was made very smalf 1o assist closure, and
the external opening was made Jarge for
beiter instrument manzuverability

¥ig. 5.19. Limétation of the mobility of in-
struments introduced through smabl open-
ings B

a Assuming that a given instrument has
only ong werking characteristic in each di-

- rection of motion, ie., swiveling (A), ad-

vance (), and withdrawal (€, it is clear
that only cne type of action can be per-
formed ir the anterior chamber in each
direciion.

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

8 For example, cystitomes are blunt in A,
somewhat less blunt in B, ard sharp in
C (s¢ee Fig. §.33); angled injection needles
are sharp in A and blunt in B and C (see
Fig. 8.34); phacocmulsifying probes are
sharp in A and blunt in all other direc-
tions.
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5.20

The useful opening in targe inei-
sions is determined not only by the
geometry of the incision in the ocu-
far wall but also by the pesition of
the hinge axis. The fold may con-
strict the useful opening and render
it too small for the delivery of lissue
pacts 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 & flap will require an inci-
sion of greater length than in other
procedures (Pigs. 5.20 and 5.21).

Fig. 5.20. Effect ¢f hinge formation on the
useful opening for lens delivery. Position of
1he hinge fold In a 1207 section

a Perspeclive view of the hinge fold, S:
Hinge axis.

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

¢ Side view: The fold in the 120° seclion
may form in front of the largest transverse
Tens diameter. That part of the lens is driv-
en against the fold at the start of the expul-
ston manguver, with a danger of endothe-
lial danage.

d Reoricntation of the lens during deliv-

* ery: To negotfate the constricted opening,

1he lens must rotate into an upright orien-
falion causing 4 corresponding velume
shift in 1be vilreous chamber

Fig. 5.21. Effect of hinge formation on lie
useful opening. Positlon of the kinge fold
in a 180° seciion

a In this section the hinge fold is farther
back from the exit.

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

¢ The hinge fold is positionsd aver the
greaiest lens diameter, aod the fens moves
away from the fold on delivery. Thus, only
smaller portions of the dons pass beneath
the fold, and there is less risk of endotheli-
al teuch than in Fig. 5.20c,

d Pmergence of the lens through the
opening: The larger opening necessitates
little lens reorientation during defivery,
and the effects on the vitreous chamber
are milder
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Fig. 5.22. Mechanisms of wound opening

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

b Flap mechanism: A wouad can be
opened in a perpendicular direction by ele-
valion or depression of the wound margin
(¢.g., with a fixation forceps or spatula}

Planning the Closure

In planning the wound closure, it
is important to analyze the behav-
ior of the incision in response to
tangential and perpendicular forces
{Fig. 5.22). Tangential 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 lateraliy
(“wourd pgape”). Perpendicular
Jforces are exerted locally (by instru-
ments or by ocular structures them-
selves), and they either- elevate or
depress the wound margin.

Gaping occurs il 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
stightest shifting of its margins wiil

Fig. 5.23. Gaplag of wounds

a In a perpendicular inciston, the slightest
dehiscence is sulficient to cause gaping.

b Obfique incisions form *valvular”
openings that can remain waterlight even
when their edges are shifted.

7

b

Fig. 5.24, Margin of wateriighiness

& The larger ihe projected area of wound
surface onto the ocular surface (A), the
mofe competent the valve.

¢ When the distance of the shift equals
the projection of the wound surface antp
the ocular surface (red), the incision begins
10 gape

b In perpendicular incisions the deep and
superficiat wound edges (as projected onto
the surface) coincide, so the projection of
the wound sucface is a line. The margin
of watertightness in a perpendicubar inci-
sion is 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 ocular wall pro-
duce valves whose margin of water-
tightness equals the projection of the
surface of the incision onto the ocu-
lar surface (Fig. 5.24).°

When the intraocular pressure
rises, 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
intraccular pressure, and it can be
opened only by the action of local
perpendicular forces which raise or
lower the wound margin (se¢ Fig.
5.22b).

This perpendicular mechanism of
wound. opening is 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 ocwlar wall, called the Nap, is
rotated about the imaginary
“hinge" that connects the ends of
the incision.'?

Whether the flap can rotate out-
ward or inward (ie., can be raised
or depressed) depends on whether
the cuter 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 witl remain wa-
tertight i its 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
hings axis does not intersect the in-
ternal wound margin when both are
projecied onto the ocular surface
(Fig. 526). Thus, we can draw a
distinetion between wounds which
are walertight by virtue of their ge-
onetry, 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). Vabvalar incisions that follow
a great circle path on the eye (Fig.
5.25a) are watertight by the hinge
rule, regardless of their length.*3

The distinction between water-
tight and non-watertight weunds Is
important from the standpoing of
operative  taclics.  Watertight
wounds will remain effectively
closed of their own accord.’* Non-
watertight wounds, on the other
hand, reguire suturing for secure
closure. The purpose of the sutures
is to subdivide the wound into seg-
ments which individually are wates-
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
so that the new hinge axes do not
intersect the internal wound mar-
gin? (Figs. 5.29, 5.30),

? The valve rale applies only if the woand
is able to form a functional valve. Incon-
gruent wound suifaces (incongruent
grafts, trauma) and incarcerated foreign
matter (tissue fragments, foreign bodies,
viscous substances) make the wovnd in-
competend as a valve.

1% This tendency makes the perpendicular
incision excellent for antiglaucomatous
fistulas. The difliculty is to keep the blade
on 2 perpendicular path through multiple
tissue layers.

Y Owing to their valvular prepertics, ker-
atome and cataract knife incisions could
be left unsutured in eadier times when
suitable 1hreads and needles were unavails
able.

2 Rotaling a fap creales a fold only if
the tissue has a "“hinge fold capability,”
ie., if the forces applied to the flap are
iransmitied 1o 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).

13 Such wounds are apl to gape, however,
if the incision is perpendicular (i.e, non-
vilvular).

4 peovided there is no obstacle between
the wound surfaces. Tissue incarceralion
may be the surgical goal (iridencleisis) or
may occur as an undesired complication
(iris prolapse, vitrecus prolapse).

'3 As projected onto 1he ocular surface.

Fig. 5.25. nclsions with and without fTaps
a Incisions that follow a great circle path
on the eye cannot form faps.

b Flaps are formed by incisions that do
not fie on a great cicle

Fig. 5.26, Hinge rofe for oulward-rotaling
Raps

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

b Geometrically wateetight wound. A line
connecting the ouler ¢xtremities of the
wound ferms the hinge axis, which lies en-
tirely within the wound surface. The line
daes not intersect the inteznal wound mazr-
gin when projected onto the ocutar surs
face, hence the wound s watertight.

¢ Nonowatertight wound.. The intecpal
wound margin is intersected by the hinge
axis, hence rodation of the flap creates a
communicalion between the intesior of the
eye and the outside

I
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Fig. 5.27. Sample applications of the hinge
tule. Left: In weunds of equal length, the
width of the projected wound surface de-
tezmines whether or not the wound is geo-
melrically watertight. Right: In wounds
with (projected) surfaces of equal width,
the womnd length determines watertight-
ness.

The incisions in the top row are geo-
metrically watertight; those in the bottom
row aré not watertight and require sutures
for closure

Fig. 5.28. Use of sutares to establish water-
tightness. The suture divides the wound
inte segments whose watertightness is de-
termined by the new hinge axes (S; and
§2). The segment on 8, is watertight, whils
that on §; musi be subdivided further

Incisions with narrow surfaces
require more suiures to cffect 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 selved by
the use of compression sutures.!”
Conversely, the ¢losure of vafolar

incisions is satisfactorily accom-
plished with simple apposition su-
tures.

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

to outward-rotating flaps, an in-
ward-rotating flap remiains closed
as long as the hinge axis does not
intersect the external wound mar-
gin. In the sutured wound, more-
over, the points of intranmral (deep)

15 As projected onto the ocular surface.

7 The placcment of these sulures is then
determined by the size of the compression
z0n¢s (se2 Fig. 2.109). Compression su-
tures always distort the tissug, as discussed
in Chap. 2.1.4,

[

Fig. 5.29. Defernning the  minimum
number of sutures required for watertight
closure of a wound

a The lecation of the fisst sutuee is found
by drawing a line (§,) from the outer cnd
of the incision 1hat just bypasses the interi-
or wound margir. The sutuse is placed at
the point where that line crosses the exter-
nal maegin of the incision.

b Another line {(5;) is drawn in the same
way from 1he first suture, and the second
sulure is placed at ils intersection with the
external wound margin.

¢ A line ftom the second sulure reaches
the apposile end of the incision without
crossing the internal margin. Therefore na
further sutures are necessary te effect a
waterlight ctosure in this example
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Fig. 5.30. In¢reasing the safety margin in
saturing. “Safely sutures” an maintain
closure in the event that a suture placed
as desceibed in Fig, 5.29 breaks or comes
loose. In the drawing above, suture f is
capable of dividing the wound into waler-

Fig. 5.31. Minimum nember of sulures
needed for autward-rotaling Maps
a If the wound surface is broad enough,
a single suture may be sufficient.

b Narrower wound surfaces require more
sutures.

¢ In a perpendicular wound ¢ach hinge
axis forms a chord that intersects 1he (pro-
jected) wound margin. In theory, an infi-
nite number of sulures would be required.

tight segments. Sutures 2 and 3 are safely
sutures placed so that Lheir hingg axes do
not Intersect the interior wound margin.
Note that the suluces are not spaced even-
ly along the wound line, but 2 and 3 lie
closer to suiuee {

d and e Sunwation of “gothic arch™ inci-
sions. Flap wounds made by two incisions
which follew # great circle path are di-
vided into iwe waterlighl segments by o
single suture placed at the apex of the
arch, regardless of the size of the flup.
Orly the outer wound edges are shown
in the drawings; the projeciion of the
wound surface is omitted {for a praclical
example of the golhic arch incision, see
Fig. 5.63}
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Tig. 532, Hinge role for inward-rotating
Mtaps (illustrated for the suturing of a {re-
phine disk)

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

b, ¢ If 1he projection of the imaginary
hinge axis intersects the externat 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 if the hinge axis lies outside
the projected wound surface (feft 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 decp
sufure passage from the external
wound line {Fig. 5.33). The wider
the wound surface and the deeper
the suture, the fewer sutures arc
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 (see 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 {wo watertipht seg-
ments, regardless of the length. of
the incisions or the apex angle of
the arch,

'8 Nale the difference between the sutur-
ing of outward and inward rolating flaps:
In the outward rotating flap, the bridging
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 geip of the loops in the tissue).
Conversely, in the inward rotating flap,
the irramural passages of the thread form
tha end of the hinge axis, and so the depth
of the suture is critical {compare with
Fig. 5.26).

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

LY Prajection of sujure passage onto he
ocular surface.

J Interior wound margin; J* ils projection,

onto the ocular surface.
Left: Superficial suture
Right: Deep suture

{
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Fig. 5.34. Minimum pumber of sutures
needed to divide an inward-rotating flap
inle watertlght segmenis (illustrated for a
trephing disk). Effect of suture depth (D)
and width of wourd sucface. Pink: Projec-
tion of the wound suerface onto the ocular
surface,

"a With superficial sulures the vertices of
the hinge azes project ¢foss to the external

wound niargin. The number of sulures is
correspondingly large.

b With deep sutures the vertices are more
distant [rom the exlernal wound margin,
and fewer sutures are needed.

¢ iIf the irephine disk is small, the pro-
jected wound surface js narrowed, and the
projected vertices are less distant from the
exiernal wound margin (despite the same
sulure depth as in b). Despile the shorter
wound length, more sutures are required
thaninh
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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 ¢hoice of amatomic
reference poinfs (Fig. 5.35), When
the incision is made on a single
plane, the positions of the external
and internal wound margins corre-
Iate 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. Anatomi¢ factors in selecilng the
inclsion profite

2 Single-plane incisions: Once the posi-
tion of the external (feff) or internal {right)
wound margin has been established, the
location of the remaining wound margin
(i.e., the width of the wound surfzce) de-
pends en the angle at which the incision
is made (arrows).

Fig. 5.36. The propertics of various Inclsfons

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

Margin Precise Lamellar  Tissue Technicat
of water-  apposition deflection  thickness complexity
lightness onopening  of incision
of chamber
2) Perpendicular [¢] casy none A=C +
incision
b} Smglc-plane W difficult higk A»C 4
obligue incisioa
c) ?-p_lanc slep W easy low Ax=<C ++
incision depending
on W
d} 3-plane step w casy none A<C ++ 4

incision

A =thickness of fissuz layer that must be secticned a5 a last step prior to entering the

chamber.
C =comeaf thickness.

W= prejection of wound sucface onto ocular surface

Margin of watertightness (Fig.
5.36). Both the valve rale and hinge
rule 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, Perperdicular wound
surfaces facilitate accurate approxi-
mation of the wound margins, The
vectors ereated during suturing can-
not cause tangential shifting of the
wound margins. Only perpendicu-
lar shifts are possible, but thesc are
casily recognized because  they
create a steplike incongruity which,
even if slight, is plainly visible by
the interruption of the surface re-
flex, Oblique wound surfaces are
meore difficult to approximate pre-
cisely because the edges can easily
shift relative to each other (Fig.
5.36b). Also, it is more difficult to
detect faulty apposition due to the
angulation of the wound edges.

Lamellar  deflection, Incisions
made at an angle 1o the ptane of
the famellac 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 eye), 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 layer that
must be divided in the last phase
of the incision.

‘Fechnicat complexity. The techni-
cal complexity of the incision, and
thus the time required to complete
the incisicm, 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 sus-
face that appears mat while still in
the corneal stroma becomes bright
again on entering the anterior
chamber, Once inside the chamber,
instruments appeat displaced from
their true position because of the
higher refractive index of the cor-
nea and aqueous fluid (Fig. 5.37).
This is not a problem as long as
the instruments are used endirely
within the chamber, since all ob-
jects are viewed under the same op-
tical conditions, Bul 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.

Tig. §.37. Visual contre! in the enferior
chamber. The surface of polished instru-
ments appeacs mal when between the cor-
neal wound surfaces bui becomes bright
on entering the aqueous hunor. Inslzu-
ments in the anterior chamber appear to
bs bent upward, the degree of this effect
varying with the viewing angle.2? In reality
Lhe tip is lower in 1he chamber than it ap-
pears when viewed from the outside. If the
tip is te emerge at the limbus, for example,
the surgeon should aim for a point about
1 mun higher on the outer corneal surface
(red), If he aims ditectly for the limbus,
the counterpuncture will be too low

If aqucous 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 instrunients
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 foss is ac-
veptable and due allowance is made
for the fall of intrsocular pressure.

19 The margin of walerlightness deter-
mines closurs not just at the end of suigery
but also in the postoperative perdod during
cicatrization, Therelore, the risks of early
sufure removal decrease when wounds
have a large margin of walertighiness.
Example: When correction of astigma-
tism by early sulure removal is planned,
incisions wilh a Iarge margin of water-
tightness are preferred.
 Distertion is minimal from an overhead
perspective {e.g. a coaxial microscope) and
more proaounced with an oblique view.
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5.4.1 Keratome Scction

Keratomes have a wedge-shaped
blade whose prefercntial path lies
on one plane.?! The shape of the
culting edge determings 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 fong as the
blade is advanced. The intraocular
pressure does not fall, the tissue re-
mains sectile, 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 keralome. Ad-
vancing the keralome {4) creates a thrust
component (C) that enlarges the incision
and also a pull-through component (5)
that improves the culting efficiency of the
blade

Fig. 5.39. Culting properties of various ker-
atomes

a In keratomes with straight cufting
edpes, the refation between the thrust and
pult-dhrough vectors remains fairly con-
stant throughout the incision. However
the length of the tissue segment to be di-
vided increases and, with it, the resistance,

b In keratomes with convex culting edges,
the pull-through vector predominales so
that the cutting ability of the blade steadiiy
increases.

¢ In keratomes with concave edges, the
thrust yeetor predominates so that culling
ability decreases as the incision proceeds.
The resulling incision differs from that in
b by the positien of the hinge axis; in b
it Facilitates closure, whereas here it facili-
fates 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 hlade will cause the wound
to open if the slightest error is
made, ie., if the blade is raised,
fowered, or tilted to any degree.
This excludes any possibility of cor-
rections during the keratome inci-
sion (Fig. 5.42}, for the diaphragm

v
Fig. 5.40. Advancing the keratome. The tip

is directed toward the fixation forceps (se¢
also Fig. 3.19)

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

When the keratome is wirthdrawn,
the point is first 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 simultaneously moving
it toward the side (Fig. 5.41c). The
section can still be extended at this
time. If this js done in a smooth
rotary motion, agueous loss can be
prevented and tissue sectifity pre-
served (Fig. 5.41b). But if the kera-
tome is moved laterally as it is with-
drawn, aguecus will escape. Al-
though this makes the tissue more
difficult to cut, the section can pro-
ceed by ulilizing the pull-through
vector component of the culling
edge (Fig. 5.41a).

2L 1f the two culling edges are asymmielci-
cally ground so that dheic preferential
paths are on different planes, the incision
will deviate as shown in Fig. 5.42. So the
blads, especially il large, must be ground
with extrems precision as to symnielry.
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Fig. 5.41. Withdrawing the keratome

a Lateral blade movement to enlarge the
inciston: On withdrawal 1he keratome tip
is moved laterally to removs it from the
pupil region. The section can be simulia-
neously extended by adding a pull-
through motion of the blade. A broad fix-
ation forceps aids the lateraf motion by
offering resistanve 1o fateral vectors.

b Rotation of 1he kevatome to extend dhe
section: The ends of the incision {red cir-
cles) can be scaled during this maneuver
by keeping the culling edges in firm con-
tact with them. A small fixation forceps

aids compensatory counteerotation of the

globe,

¢ To avoid injury to the bulging dia-
phragn 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 is not parallel to the limbal plane,
the incision may transgress the limbus and
enter the sclera, Any allempt to correct
the position of the blade will allow loss
of agueons
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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 it from within (Fig. 5.43),
The various types of cataract knife
differ chicfly in the shape of the
poinl, which deterimines whether
the blade will deviate from the guid-
cance direction when advanced
through tissue (Fig. 5.44).

Fig. 343, Force vectors in the calaract
knife section. The vector for making the
punctore and counterpunciure and thal
for performing the seclion are separale
frem each other and are mutuaily perpen-
dicular

Tig. 5.44. Cutting properiies of the cataract
knife tip

a Knives with & cucved back deviate in
the direction of ihe cutling edge when
thrust straight into the tissue.

b Knives wilh a straight back do not d=-
wiate from the guldance direction
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Fig. 5.45. Calaract knlfe section nith later-
al fixation (favoring the puncturing manen-
yer}

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

b The tip is ditected towart the sile of
forceps fixation during puncture,

¢ For the counterpunciure, a knife with
a rounded back may be directed straight
toward the forceps since the tip will de-
viate and emerge alongside the forceps (see
Fig. 5.444). Note: The tip is aimed about
1 mm higher to allow for refraction (ses
Fig. 5.37).

d The seclion is initlated by a sweeping
metion of the blade, with the initial punc-
ture site as pivot point (red circle). The
culting edge is guided so that Lhe vectors
of maximum tissue resistance are diregted
foward the site of forceps fixation.

¢ Completing the section: The blade is
moved away from the fixation lorceps

Operations on the Carnea and Sclera

Fig. 5.46. Caiataci knife scction with fixa-
tion from below (favoring the sectioning
TaEneygyer)

a Principle: The vectors of puncture and
counierpuaciure are directed through the
application site of the forceps.

b The punclure is directed toward the fix-
ation inslrument. Knives with a straight
back make il easier to maintain the injtial
direction of inserlion (see Fig. 5.44b). If
broad fixation forceps ace vsed, the tip is
direcied toward the far end (red dod).

¢ Counterpuncture is initiated with a
sweeping motion se thal the vector resist-
ing the tip motion passes 1hrough the site
of forceps applicatica. The wider the for-
teps jaws, the smaller the necessary angle
of {he sweep, so the guidance of the knife
approximates that for lateral fixation.

d, e Scction is completed by a to-and-fro
motion of the blade

Calaract Knife Section 167
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Fig. 547. Corrective movements of {be cat-
aract knile. The shape of the incision de-
pends on the geomelric intersection of the
guidance path with the corneal dome, H
the blade is not directed parallel to the
irs (A), the incision will turn inward if
the plane of the blade is caised {B) or out.
ward if it is fowered (€)

Fig, 548, Centers of rotation for actions
assaciated with the calaract knife section.
The cender of rotation for coerreclive
movements of the fixatien forceps (see
Fig. 3.21a) is at the center of the globe
(bottom). Movenkenls of the knife (sez
Fig. 3.2i b) rotate the globe about the ap-
plication site of the forceps (center). Swi-
veling movements of the knife (see Figs.
5.45d and 5.46¢) should pivot at the punc-
ture sitc to prevent the escape of aqueous
(top)

Since the puncturing and section-
ing manguvers are separaie with
this instrument, both vectors can-
not be simultancously opposed by
a single fixation. Thercfore the sur-
geon must decide whether main re-
sistance should be given to the
puncturing veetar 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 forceps allow
greater freedom in this regard.
However, they can also cause tissue
distortion (very critical in this tech-
nigue) unless they are held exactly
in the position predefined by the
shape of the grasping surfaces, 2

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

because any tilting, raising, dipping,
or withdrawal of the blade will al-
low premature aqueous eseape.
Only after the knife has passed the
pupillsry margin the direction of
the cut may be revised. It should
be noted, however, that any direc-
tion 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, kuife, and the relative move-
ments between them have different
centers of rolation (Fig. 5.48). A
good result is obtaired only if these
movements are petfectly coordinat-
¢d at all times, This is made difficult
by the requircment that all move-
ments be performed swiftly and
smoothly in the initial phase, ie.,
before the blade passes ihe pupil
nargin,

543 Cutting
with a “Point” Cutting Edge

Keratomes, calaract 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 widih in the tissue (sce
Fig. 2.74). The blade will then be-
huve more or less as 4 ** point™ eut-
ting cdge and can De directed as
needed to produce incisions of any
shape desired (Fig. 5.49; sce also
Fig. 2.66).

2 Naformation by wide grasping forceps
as illustrated in Fig. 3.20b is a particular
problem when ihe antesior chamber has
emplied and the now “blunt™ cataract
knife tends Lo push the tissue aside rather
than cut it.

I
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Fig. 5.49. Opening the anterlor chamber
wiih a razor Made. The techrique of hold-
ing and guiding the blade determines the
profile of the resulting incision.

a Coronal incision is made by guiding the
blade on one plane, imitating a catasact
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 upsight and guiding it along
a conical surface {preparation for scissor
seclion as in Ifg. 5.55b)

.'Fig. 5.50. Avolding centripetal veclors on

opening the anterfor chamber with a long
inclslon using a razor blade fragment

a An interfor opening of specified Eength
{#) can be made by a purely tangential
blade motion. The cut is started some dis-
tance from 8 sa (hat the blade first passes
through an intramural “lead segment”
(1.5) before incising the decp surfage of
the cornea. As a result, the external open-
ing is longer than the internal opening.

b If ihe incision is starled closer to B
(shorter £8) 1o reduce the length of the
external opening, the dlade motion will in-
evitably produce centripefal vector com-
ponents
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Fig. 5.51. Avoiding centripetal veciors on
opening the anferier chamber with a shoit
Incision using & razor blade fragment

a When the intent is 10 make an incision
that has equal external and internal
lengths, centripetal vector components can
be reduced by rotation of the blade. Cen-
Iripetal vectors then exist only as long as
the blade is within the tissue. The moneat
the chamber is entered, only tangential
yeclor components are eperative.

b TFor exlending the incision the blade is
removed, turned 130°, and reiatroduced
into the wound with the blunt edge tead-
ing.

¢ Then the blade is moved tangentially
until the deep wound length matches the
superficial wound length,

d Result: B=8'; no lead segment

However, a blade used in this
fashion cannot seal the incised
opening, and most of the inecision
must be made with the chamber
opened, and thus with decreased
tissue sectility. This places very high
demands on the culling ability of
the instrument. Even with a very
sharp blade, though, anly a short
chamber opening can be made un-
less the tissue resistance is extreme-
1y low. 23

Because the' anterior chamber
can empty, blade movements with

centripetal vector components (i.¢., °

directed toward the chamber) are
hazardous in this technique. These
components are avoided by guiding
the blade sirfetly in a tangential 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 cur afler the anterior
chanber lias been opened with an-
other instrument. Scissors also al-
low a safe section because the
“danger zone" (see Fig. 2.81b) is
precisely defined, and its size can
be reduced by taking small bites
with the scissors.

An impertant safety factor is the
tarigential movement of the culling
point during the section (Fig.
5.52b)

Real danger exists onty during in-
sertion of the sclssor blades into the
anterior chamber, when centripetal
vectors  are  unavoidable (Fig.
5.52a). That is why, in corneal
scissors, the end of the inserted
blade is rounded to prevent inad-
vertent lissue lesions (Fig. 5.53a).
Also, the rounded blade is longer
so that it will aod slip out of the
chamber when the scissors is closed
(Fig. 5.53b). An incision of con-
stant profile is obtained by cutling
in opposite dircctions with fwo
seissors, each a mirror image of the
other {Fig. 5.54).

B RBg, the incision of a deep precut
groove, where only a very thin layer re-
mains to be divided before entering the
chamber.

o

Scissor Section 171

Fig. 5.52. Force vectoss produced by
scissors

a Cenlripetal vectors cccur when the
blade is introduced inte an opening.

b During the scissor section, the vector of
lhe culling point mation is paratlel 1o the
surface

Fig. 5.53. Special design features uf corneal
sclssors: Blade tips

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

b The lenger inner blade kecps the
scissors from slipping out of the eye upon
closure

Fig. 5.34. Special design features of coeneal
scissors: Aerangement of blades. Identical,
S-shaped cut profiles are obtained by cut-
ting in opposite directions with ewa
stissars, each a mirrer image of the ether.
a Mivcor-image scissors for bidirectional
cuiting.

b Centinucus proflile {see also Fig. 2.79)
obtained with mirror-image scissors.

¢ Biscontinuous prolile inade by using a
single scissors to cut in both direclions
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Fig. 5.53. Relation between the shape of the
stissor blades and the shape of the resulting
cul, If the blade skape is consistent with
the desiced shape of the cut (.., the guid-
ance path is coagruent with the cut sur-
face), the cut can be completed by simple
closure of the blades.

a Straight biades are suited for making
ftat cuts parallel 1o the isis,

b Perpendicular culs are made with blades
whose curvature conforms to the conical
suface of the cut.

¢ The plane of the cul can be varied by
changing the inclination of the scissors. kn
this example the ends of the incision ars
rotated 90° relative to each other. This fa-
cilitates opsning the wound through rota-
tion of a flap because hinge formation can
opcur without intramaral alignment, ie.,
with minimum distortion of surrounding
tissug {s¢e Fig. 1.51¢)

The curvature of the scissor blades
should conform to the shape of the
planned incision (Fig. $.55). If this
is the case, the section ¢an be com-
pleted with a minimum of swiveling
movemetls (Fig. 5.56¢). The main
concern in the scissor section is to
keep the iris away from the inter-
blade “danger” zone. Thus, the
blades arc opencd only slightly
when initiating the cut to ensure
that the enclosed corneal tissue will
obstruet  access 1o this zone
(Fig. 5.56a). The depth of insertion
can be limited by bracing the ont-
side blade against the corneal sur-
face. The inside blade is pressed
firmly against the inner corneal sur-
face to prevent incarceration of un-
deriying tissues (Fig. 5.56b).

Salfety can be enhanced by intro-
ducing viscoelastic material to dis-
place the iris backward befors en-
farging the incision with the
scissors; this creates additional
room for inserting the scissor biade
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 cutling resistance
and the complicated profife of {he
section. Both correlate with the tis-
su¢ thickness, however, and are
minimized by preliminary thinning
of the tissue layer (sce Fig. 2.80d),

I
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Fig. 5.56. The scissor section

a Intreducing the scissors: The blades ars
nearly ¢losed when introduced to avoid in-
jury te intraccular siructures. An aperiure
just targe enough to accommedate the cor-
neal thickness will safely obsiruct access
te the intecblade area, The outside blade
is braced against the outer corneal suzface
to prevent inadvertent decp entry into the
chamber. Then the instrument is rofated
about the euter blade tip into the chamber
(red dot: Pivol poing).

. b Extending ihe cut: The inner blade js

appaosed fizmiy to the deep corneal surface
to guard against iris incarceration,

¢ Guiding the scissors: Te keep the cut-
ting point moving tangentiatly to the lim-
bus al all times, a 90° direction change
is required through each yuadrant. If this
is not guaranieed by the blade curvature,
the handle must ba moved in & wide anc
during the section

Fig. 5.57. Monltoting the irls dueing the
seissor section. Distortion of the pupil is
a sign that the irls has been caughi by the
blades.

‘a Inward displacement of 1he iris on inser-

tion of the inner blade (— iridodialysis).

b Quiward movement of the pupillary
margin indicates incarceration of iris be-
iween the blade and cornea (— iridec-
tomy)
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Fig. 5.58. Technique ol the two-siep inci-
sion

a A preliminary perpendicutar incision is
made in the sclera (4) (cf. Fig. 5.4).

b The anterior chanber is eatered at an
angle to the precut groove (C) (here with

a keratome). L
© The incision is enlarged wilh scissors.
The guidance path of the scissors is an
the same plane as that of the knife used
to open 1he chamber (b) (herg: Horizontal,
see Fig. 5.55a) -

5.59

5.4.5 Two-Plane Stepped Tnelston

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

Narrow steps cause few problems
in this type of incision. Butif a wide
step is desired, the tissue resistance
will rise with increasing step width
(see Fig. 5.36c). 2

Fig. 5.59. Changing the width of the step.
The widih of the siep (segment C in
Fig. 5.58) is controlled by changing the in-
clination of the cutling instrument (red:
Guidance path of the blades)

5.4.6 Three-Plane Stepped Tncision

In this incision the resistance to en-
tering the anterior chamber is inde-
pendent of the step width, The in-
tralamelar portion of the sleps is
formed in a separate phase (Fig.
5.60). It can be made as wide as
desired and placed at any depth, 23

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. 5.60c) 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 incii-
mation of the cuiting instrument 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-planc incision is carried
oul. Small irregularities (Fig. 5.62)
usvally 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 problems. As-
socialed changes in the margin of
watertightness can be compensated
by appropriate suture placement
according to the hinge rule (sec
Fig. 5.28).

The mutual independence of the
outer and inner wound margius in
the three-step incision {cf. Fig.
5.35b) can be wtilized to achieve
specific geals. For example, the oul-
er wound margin can be configured
for optimum closure while the inner
wound margin is adapted 1o ana-
tomic conditions (Fig. 5.63),

# Nore: Scissors held al an oblique angle
carcy a risk of desquamating (he corneat
endothelium and Descemet’s membrane,
** The step may be placed so decp that
the inncr lamella is transparent and af.
fords & direct view inte the chamber pe-
rphery.

Fig. 5.60. Technlque of the three-step incl-
sfon

a A preliminary perpendicular incisien
(A) is made to the desired depth in the
selera.

b The intralamellar pari of the siep is dis-
sected back to the desiced widlh (#) {see
Figs. 5.8-5.10).

¢ The anterior chamber is catered on a
perpendicular plane (C}. Tangential guid-
arce of the blades is facilitated by tenting
the inner lamella with fixation forceps.
Left: A lead segment LY is still necessary
but is smalfer than in Fig. 5.50 due to the
preliminary thinning of the cornea.

d The incision is colarged with scissors,
Their guidance path is perpendiculac (see
Fig. 5.55b)

{iig. 5.61. Controlling the step width. The
step width is changed by shifiing the cut-
ting instrument lateraliy, i.e., toward the
limbus or toward the corneal cenler as
neeided (red; Guidance path of the cutting
edge)

Three-Plane Stepped Incision 175
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5.4.7 Trephine Incisions

Trephines are circular blades (Fig.
5.64) that excise round tissue pieces
of precisely defined diameter and
edge profile. In theory, a given tre-
phine should excise perfectly con-
gruent disks from different eyes, 2¢
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 empties
the moment it is opened, the iris
and lens will move forward against
the cutting edge of the trephine,
making it necessary fo discontinue
the trephination. Continued use of
the trephine after opening lhe ante-
rior chamber requires means to pre-
vent the escape of aquecus. A ne-

Fig. 5.62. Irregularities In the stepped fnci-
sion. Irregularities in the course of the inci-
sion do nol hampee wound closure as [ong
as the valvolar mechanism remains intact

Fig. 5.63. Disparities In the shapes of the
external and internal wound margins
(**gothic arch™ iecislon)

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

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

antflow system is established either
by using a sclf-sealing instrument
design (Fig. 5.65d) or by first re-
placing the aqueous with viscoelas-
tic material (sce Fig. i.4e).

28 Absolute congraily Is essential for opti-
mwm corneal grafting, because discrepan-
cies between donor and recipient are a
source of irrgversible astigmatism.

Fig. 5.64. Manual trephines

a Bfiect of handle diameter on culting ex-
cursion. The handle circumference deter-
mines the number of revolutions made by
the trephine when rolled beiween the
fingers. The two trephines shown have the
same cuiting diameter {4}, but the ire-
phine with the smalfer handle radius (5)
compleies more tuens (=greater pull-
through action) when rolled than the
{hick-handled instrument.

b When roefated, the trephine is rolled
along the fingers. Its pesition is unstable,
since ihe trephine has a tendency 1o teavel,
but this instability is partially compensal-
ed by the high Jateral resistance of the
blade

Fig. 5.65. Open Irephines and trephines
with & central plunger

a Opsn tephine with no depth stop. The
operalive field is visible through the opéen-
ing.

b Trephine with an inner plunger. The
plunger acts as a stop 1o limit the depth
of the cut {e.g. for lameflar keratoplasty).

¢ In a peneftrating keratoplasty, the stop
preveats the cutting edge from passing teo
deeply.

d The stop serves [o seal the agueous
space and prevents emptying of the anteri-
or chambsr when trephining an ircegutarly
arched cornea

Fig. 5.66. Bevel of the culting edge. The
bevel angles of 1he trephine blade are criti-
cal for blades of finite thickness because
any discrepancies between 1he preferential
path (red arrows) and guidance path (black
qrrows) result from the instoument design

and cannot be corrected by manual guid-
"

ance.

a Bevel only on the outside edge. Inside,
the diameter of the bare (L) cquals the
diameter at the cutiing edge (E). The pref-
erential path (the line bisecting the cutling
edge, sez Fig. 2.73) does nod coincide with
the guidanee path, so an asymmetric later-
al resistance develops.

b Counterbevel on the inside edge. The
preferential path and guidance path cein-
cide. The inside diameter at the culting
edge is slightly greatez than the bore diam-
eler, so fissue entering he hollow of the
instrument is slighily compressed.

P,: Preferential path

G,: Guidance paih

-— | —
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Cylindricat Trephines

Open cylindrical trephines (Fig.
5.65a) allow visual menitoring of
the trephined disk through the hol-
low of the trephine. But the cutting
edge itself cannot be scen at 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 & watertight seal. 28

The trephining motion can be di-
vided into two vector components:
onc perpendicular to the tissue sur-
face (thrust) and one parallel to the
tissug surface (rotation). The thrusi
veclors deepen the cul. 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 resisiances is
such that the action of {he trephine
ou the disk and on the surrounding
cornea is different. Also, the differ-
ent forces and resistunces vary in
the phases before und affer the ante-
rior chamber is entered.

in the initial phase before the
chamber Is entered (i.c., during divi-
sion of the parenchyma), resis-
tances are distributed evenly along
the ciccumfcrence of the blade, Ini-

* Visual monitoring of the disk is possible
only from inside the eye using an endo-
scape. Bxperimental endoscopic studies
form the basis for the following analysis
of the trephining process.

I8 The seal must not be aictight, however,
becauss ifair is trapped between the blade
and cornea, penelration becomes impossi-
ble. To avoid aletightness, the bore must
be dry before the trephine is applied (o
the cornea, Qtherwise fuid residue may
obstruct air outflow.

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

A Cutting resistance develops at the sharp
culting edge. The main component acls in
the direction of thrust..

B Lateral resistance devetops at the later-
al surfaces of the culling edge. Iis efficls
depend on tissue displacement and hence
are greater outside the hollow (#g) than
insids (8,).

C Additional resistance develops if the
central plunger mnects the corneal surface,
This resistance affects only the trephine
disk

A A+B

Fig. 5.68. Effext of penetration depsh on re-
sistance prior to emlering (be anterior
chamber

a Application of the trephine. Only the
culling resistance (4) is operative at this
stage.

A+B+C
b Penctration of 1he parenchyma. Lateral

resistance (B) becomes an increasing fac-
tor with increasing deplh of penstration.
¢ Maximum  penctration, Contact  be-
twesn the plinger and cornes’ ¢reates an
additional resistance (C)

+C)

Fig. 5.69. Effect of plunger position follow-
ing enfry fato the anterfor chamber. Once
the culling edge eaters (he chamber, cut-
ting resislaace (A} is no longer a factor.

a Depth of plunger set exzctly at corngal
thickness: YWhen 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 mement the chamber js en-
tered, the plunger has no contact with the
cornea, Concomitant rotation of the cor-
oeal disk is determined only by fateral ro-
sistance. Fluid pooling beacath the
plunger acts as a [lubricant; it may trans-
mit seme rolation of the plunger to the
cornea, depending on its rheological prop-
erties.

¢ Plunger set much dezpet than the corne-
al thickness: There is space over the cor-
red to allow for folding of the disk

Fig. 5.70. Yector components of the fre-
phine sectlen. The parpendicular compo-
nents (¥) cavse the cut to progress in
depth. They also shift the (issue toward
the anterior chamber. The componenis
paraftel Lo the sucface (X) cut the tissue
by an (“iafiaite”) pull-through action.
They also tause concomitant tissue mo-
tion in the dircetion of blade rotation

tial resistance 1o the trephining de-
pends on the resistance to the cut-
ting edge. As the cut deepens, later-
al resistance increases and helps to
stabilize the guidance of the tre-
phing, Thus, the precision of the
trephine incision improves as the
blade penetrates deeper into the lis-
sug, and the amplitude of the eut-
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 (o the high lateral re-
sistance, the operator cannot redir-
ect the incision once the cul has
been iniliated, so the result depends
entirely on the inberent crtting
characteristics of the instrunient
(Fig. 5.66).2% In the thrusting mode
tateral resistances are asymmetrical,
and lamellar deflection may shifl tis-
sue toward the trephine opening
(Fig. 5.712).%" This deflection can
be minimized by reducing the thrust
vector {applying gentle pressure)
and making the cut chiefly by rota-
tion of the irephine.

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

Fig. 5.71. Tissue motlon accompanyiog
blade thrust

a# In the phase before ihe anterior
chamber is entered, the cul may deviate
as a result of lamellar deflection. The ex-
tent depends on the bevel of the cutting
edge {i.e., the direction of the preferential
path; sce Fig. 5.66) and the angle of altack
on the lamellar surfaces (which in tum de-
pends oo the site of application on the
corneal dome, i.e., the dizmeter of the tre-
phine; see inset).

b In the phase after the chamber is en-
tered, the trephine blade tends to push
ahead the still unsectioned tissue. Because
these tissue layers have become lax and
less scetile, it is difficuit to divide them
with the trephine

of the globe with forceps will elimi-
nate this concomitant tissue motion
outside the trephine, but it has no
effect inside the trephine, where
shear effects develop in the tissue
between the ouwter 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-
terlor chamber Is entered,*? the situ-
ation changes drasticatly: The tis-
sue becomes less sectile, and the

% That is why the same rephine should
be used o oblain congruenl disks [rom
different eyes.

3® The extenl of the deflection depends on
the intraocular pressure and is greater ai
low pressures (=low tissug sectility).
Therefore doner and recipicnt eyes should
bz trephined at equal intraocular pressures
to obtain congruent disks.

1 Shear effects can be roduced by apply-
ing a friction-reducing lubricant, i.c., by
moistening ihe corneal surface. Bul note:
The fluid should be applicd to the coracal
surface qfter the trephining is started. Oth-
erwise it will enter the hollow of the tre-
phine and trap air (se¢ footnote 2%, p. 178).
2 Note: The second phase nquires a no-
outflow system, thai means trephinalion
with a watertight plunger or visco-clastic
stabilisation of the anterior chamber.
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thrysting motion of the blade tends
to push the still vndivided 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, mobite portion of the disk
tends to rotate toward the portion
that is stilt attached. This results in
a folding of the partially excised
disk, and the cutling process con-
tinues in deformed tissue (Fig.
5.72¢, d). Yet, as the undivided por-
tion becomes twisted and stiffered,
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 trephing 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 finat phase of the cut.*

* These deformations are unnoticed by
the surgeon because they are hidden by
the plunger. The degres of these distor-
tions depends on friction, i.e., on the area
of contact between the trephine and tissue,
and is preatest when the plunger of the
trephine touches the corneal surfacs (see
Fig. 5.69a). The [riclion is reduced by
fuid escaping from the chamber and pool-
ing bencath the plunger (Fig. 5.69b).
Thus, if the chamber has been filled with
viscous o7 viscoclastic material prior to
trephining, their rheologic propersties can
be exploited for lubrication. However,
these materials can transmit rotary motion
from the plunger to the corneal disk, de-
pending on their maximum viscosity at
low shear rates (see Fig. 2,17). I empty
space exists below the plunger the moment
the anterior chamber is entered (Fig,
5.69c), there will be no plunger friction,
but deformation of the disk s facilitated
because the dead space makes raom for
folding or cven inversion of the disk
{Fig. 5.724).

Tig. 572, Tissue motion zccompanying
blade ratation

a The drawing shows the position of the
corneal disk in the resting slate (i.e, at
the moment 1he stalionary trephine is ap-
plied). This position is marked by imagin-
ary cross-hairs to allow comparison with
later drawings.

b During pengiralion of the parenchyma,
the tissuz is entrained by the rotating
blade, If the peripheral cornea is fixed by
forceps at this stage, only the tissue inside
1he teephine wilk be twisted. This creates
shearing motiens between the famellac in
the (superficial} patt of the disk already
divided and the (deep) portions of the cor-
ned not yet divided.

¢ After the anterior chamber is entered,
the divided part of the disk becomes morc
mobile and is driven toward the poriion
still altached.

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

B site of forceps application

Trephines with a Pointed Blade

Constant, complete visual monitor-
ing of the trephination is possible

-ondy with the use of a cone-shaped

instrument. The basic design re-
quires a pointed blade that travels
atong a conical outer sleeve
(Fig. 5.73).

Small blades are extremely mo-
bile owing to their low laterat resis-
tance and can easily deviate from
the intended path. It is more diffi-
cult to achieve a circular jncision
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
50 securely that Lhe resistance to lat-
erai deviation is greater than the
{orce inducing the deviation.

Fig. 573, Trephine with a polnted blade

a The point of the blade travels along a
conical carrier as it is advanced more
deeply. Both motiens require precise me-
chanical contral,

b Cross-seclion thzough the cone and
blade.

¢ With cones of varying inclination, var-
ious angles of altack at the tissue can be
selected

Fig. 5.74. Lateral shifiing fendency of the
trephine. The blade ends to bypass aceas
of increased resistance within the comea,
€.g. scars (gray). The carricr may shift rel-
alive Lo the corneal susface, or the glabe
may shift relative to the conc if the resis-
tance Lo this shifl is smailer than its force.
In contrast to cylindrical trephines, then,
the cut may deviate laterally {red) frem
the intended circular path (black)

‘

Completion of the Trephine Scction

Once the anterior chamber has been
entered, teephining can be contin-
ued only as long as the chamber re-
tains sufficient depth. If the corneal
disk cannot be excised with the tre-
phine alone, the section must be
completed with a seissors or uvlira-
sharp blade. But 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 Hicongruity be-
tween different disks, it is impor-
tant to keep these ledges as small
as possible. This is achieved by
guiding a culling 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 applied so that they
distort only tissue that will subse-
quently be discarded (i.e., the resid-
wal cornea in 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 {Hiat the major obstacle
to obtaining perfectly congruent
disks is the tendency of the blade
to entrain or push aside the tissue.

bbb
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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 inunobilize the peripheral cor-
nea and cornedl disk with methods
that allow perfect fixation.

Best are “no louch” technigues

.that divide tissue without resis-

tance, i.e., surgical lasers.
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Fig. 5.75. Completing the trephine section
with sclssors. I the radius of bladé curva-
Lure equals the radius of the trephing, the
culting point will follow the frephine inci-
sion on closure of the blades. Thus the
blades make no swiveling wotions in the
anlerior chamber

Fig. 5.76. Completing the trephine section
with a sharp-pointed blade. The cutting
cdge of the blade is guided carelully along
the edge of the corneal disk. It is held in
the same plane as the drephing cylinder
(i-e., vertically) and precisely follows the
circuiar tine of the lrephine incision

5.5 Suturing the Cornea
and Sclera

5.5.1 Sulure Technique

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

The needle track is cut in lameltar
tissue, so the lamellar rule applies.
‘This means that the greatest accu-
racy is achieved when the needle tip
is passed cither parallel or perpen-
dicular to the plane of the lamellag
(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. Completlng the rephine incision
il scissors creates a step 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 blads in the inci-
sion faces from the peripheral cornea to-
ward the disk, the step forms in the periph-
eral cormea.

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

Fig. 5.78. Step formation by traction with
a grasping instrument. If the forceps docs
not sigaificantly deform the disk prior to
culling, the blade van meke an almost
step-fice incision (feff). But if the disk is
stretehied upivard (center), an inverse step
{=defee1) may form in the peripheral cor-
nea (right)

Fig. 5.79. Suture characteristics. A suture
causes minimal shilk of the wound surfaces
whea;

— tbe suture plane is perpendicular (o the
tissue surface (o =90°); .

— the needle is inserted perpendicolar to
the tissue surface (A=20°);

~ the tip emerges perpendicular to the
wound surfzce (y=90°)

b

Fig. 5.80, Inserfing the needle perpendleu-
tar to the tissue surface

a In an undeformad lissue surface, the
needle shaft must be Inclined well back
1o allow the fip 1o pierce the lissue at a
right angle {nole the posilion of the need-
teholder).

b If ibe tissue surface is picked up with
a forceps, the needle position musl be ad-
justed accordingly. The shaft may now be
beld in a more upright position

Fig. 5.81. Cbtalaing a perpendicular sutare
plane

Left: Tissue deformation by forceps,
Right: Puosition of suture plane after for-
ceps reloase.

a—< The wound margin is picked up with
a forceps to create resistance for suturing.
a If the needle is passed on ihe perpendic-
ular plang directly beneath the forceps, the
sulure plane also will be perpendiculaz on
refeass.
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b The same maneuver performed a1 some
distance from the forceps yields an oblique
suture plang upon refease.

e Compeasatory stanting of the needls is
necessary when the soture is passed al
some distance from he forceps.

d An uitrasharp needle can be passed with
very litlls fixation of the wound margins,
50 the forceps need not grasp (and deform)
the tissue but merely touches ity surfaces
at the needle exit (see Fig. 2.40¢). This
eliminaies the tissue deformation prob-
lems in a-c
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Fig. 5.82. Effect of the direetfon of needle
passage on wound apposition

a Passing the needie pacallel to the tissue
surfuce results in equal suture depths in
ihe 1wo wound sucfaces (A} regardless of
the gap between them {0} at the ime of
suluring.

b Passing the needie abliguely results in
different suture depths (4 does net equal
B), an effect that increases with the dis-
tance 0. The degrez of incongruity on
tightening docs not depend on the suture
tension (fower foft). If the wound margins
are pressed topether during obligue pas-
sage of the needle {D=0), the suture
depths are equal (4= 8), buit the stitch is
asymmelrical {fower right). The wound
surfaces will remain zpposed at low sulure
tension but will bscome incongruent when
tensicn is increased

Loose sutures such as simple ap-
position sutures pose few problems
because they do not alter the tissue
topography. Bul fight sutures such
as compression situres shorten the
suduge track and cause deforma-
tions that may interfere with wound
closure. The nature of the deforma-
tion can be inferred from the rufe
of suture tightening (see Fig. 2.100).

]
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In perpendicular incisions, the deep
wound edges begin to gape when
suture lension s increased (Fig.
5.83). In single-plane oblique inci-
sions, the wound edges shift refative
to cach other and override (Fig.
5.84). In stepped incisions, superfi-
cial apposition is preserved but {he
valve mechanism is destroyed in the
deeper porlion of the wound (Fig.
5.85).

It should be noted that a single
deforuing suture 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 atlempt
to produce a countertension with
“corrective sutures™ would cause
additionai distortion that may re-
store watertightness, but at the cost
of significant astigmatism.

Fig. 5.83. Salure problems in the perpendie-
ular [nciston, Comparisen of sutures that
enter and cinergs at points equidistant
from the wound line.

a A deep semicircular stilch produces a
large compression zong. The depth of
placement is limited by the tissue compali-
bility of the suture material (inflammatory
canal, see Fig. 2,123}

b A superficial stitch compresses only a
small parl of the wound surface. Apposi-
tion in the deep (uncompressed) zone is
maintained enly il ihe sulure track has not
been shottened by tightening of the
thread.

¢ The thin surface layer may tear when
the suturg is tightened. This places the su-
ture closer {0 the wound line than planned.

d If the tissue does not tear, decp gaping
occurs when the suture is tightened. Aque-
ous may rise to the suture track, Contrary
to expeciations, the more the suture is
tightened, the greater the risk of fisiula
formation

Fig. 5.84. Suture preblems fo the oblgue
inciston

a I the suture enters and emerges at sites
equidistant from the external wound line
{A= B), the stitch will be asymmetrical in
the tissue and encompass litife of the over-
riding wound margin.

b [f the eniry and exit sites are equidistant
froin the point of deep sulure passage D,
they will be asymmiedrical on the tissua sur-
face (4> H).

¢ When the suure is tightened, a vector
component acls along the oblique incision
to cause relative shifting of the wound
macgins (fser). The wound remains wa-
tertight, but apposition is faulty

N

Fig. 5.85. Suture problems in the step inci-
slon

a The outer step is fixed by a supeificial
apposition suture and maintains the valve
function.

b The valve mechanism is impaired by a
thick theead in ihe interlameilar layer.

- ¢ The valve mechanism is algd comprent-

ised by cxcessive suture tension. The entire

. valve is deformed and may leak

i

-

N
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b
Fig. 5.86, Tightening of obliguely placed
sulures
a When loose, an obliquely placed sulure
does not impair apposition.
b Tightening the suture causes the wound
edges to shift, and leak occurs not just
at the suture but 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 lissue, it is 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
length — 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
traunetic or irregulor wound of pre-
deteriningd shape, he should seek
the besl compromise on the basis
of the valve rule, hinge rule, and
the rute of suture tightening.

m.ﬂnall valvular incisions can
be made watertight simply by applying a
contact lens.
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Fig. 5.87. Wounds with a rariable valve
width. Simple interrupted sulures are
spaced zocording lo the hinge rute. Tn seg-
ment A the wound sucface is steepest (i.e.,
the valve is most narrow), so the suiures
must be spaced closer together than in seg-
ment C, where the valve is very wide

Fig. 5.88, Wound with valves facing multi-
ple directions. Simple intecrupted sutures
are placad at sites where the wound sur-
faces are perpendicular (7 and 2), subdi-
viding the wound jato segments whose
valves face the same direction. These seg-
ments are managed according to the hings
rule {#)

Fig. 5.89. Continuous sutures on Irregufarly
shaped wounds

a Continnous sutures tend 1o linearize the
encompassed area {$ee Fig. 2.103b). Thus
the suture does not follow the jrregular-
ties in the conrse of the wound, but pro-
duces a linear compression zone that in-
corporates the entire wound area.

b If the wound linz is too ieregular to per-
mit this, one or more simple interrupted
sulures (#) are used to subdivide the
wound infe segments, which are then
managed in accordance with a. {Nole:
Strong sulure tension ferds to flatten the
corneal dome; see Fig. 2.103a)

Fig. 5.90. Suturing a trlangular Nap

a Compression sutures on the faterat
wound margins would cause the apex of
the flap (o relract.

b Solution: The apex is sutured first. This
is doac by direct suure if sufficient tissue
is present, i.e., il the flap angle is suffi-
ciently large. The lateral sutures are placed
abliguely to relieve lension on the apex

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

590

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

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

*3 Fhis eccurs when the angulation of the
cutting instrument is vaded during the
vormeal section. For example, segment A
in Fig. 5.87 was made with 1he blade heid
upright, resuliing in a narrow valve, The
section was completed with scissers held
less upright 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 flat, ir-
regular missiles such as flying glass or a
bursting shell.

Fig. 591, Closure of triangular wounds
with intralamellar sutures.

Top: View of the comea from above.
Center: Semiperspective view of the loose
and tightened suture.

Bottom: Cross-sectional view of the apical
region.

a Parfial intralamellar suture: The stitch
is intralameliac in the Nlap and epicorneal
distal to the flap. Tightening the loop
creates vectors that evert the flap 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 infralomelfar sutures

b Passing the epicorneal part of the loop
across the end of the fiap (i.e., placing the
sulure less distally) creates vector compo-
nents that press the flap downward and
reduce eversion of the apex, although the
surface of 1he flap is still somewhat irregu-
lar.

(Figs. 591, 5.92). Sutures with a
partialintralametlar placement have
a tendency to evert the intralamel-
lar portion of the wound (Fig.
5.914a, b). This is avoided by a lo-
tal intralameilar suture placement
(Fig. 5.91¢).*® When closing the
side limbs, it is usehul to place the
sutures obliquely to dircct addition-
al traction toward the apex (Fig.
5.90b).
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¢ For a purely intealamellar suture, the
cornea is incised (o the desired depth distal
ta the apex of the flap using an wltrasharp
blade. The suture is passed from the base
of this incision through the flap and back
10 the groave, alfording a secure closure
ihat keeps the flap flush with the sur-
rounding comea

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

38 Mate: The inlralamellar threads have a
greater tendency to cut through the tissue
than “*normal* threads placed perpendic-
ufar Lo the surface because they sre not
anchored by the rigid Bowman's mem-
brane. Thess sutuces must be placed an
adequale distance from the apex, themne-
fore.
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Fig. 5.92. Closure of a jagged wound with
an iniralamellar pursestring suture. A par-
tial-thickness corneal incision is made with
an ullrasharp blade nmext to each flap,
analogous to Fig. 5.%1¢. 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-
feet,*® closure often cannot be ef-
fected simply by reapproximaling
the wound margins with sufures. If
the defect is small, relaxing incisions
may mobilize the tissue sufficiently
to allow watertight closure (Fig.
5.93). Larger defects require recon-
struction with corneal or scleral
grafts. 4¢

The suluring of corneal disks bas-
ically follows the hinge rule. The
Jirst hinge is formed as soon as the
disk is fixed with two sutures. Addi-
tienat sutures serve to subdivide the
wound into watertight segments.
The number of segments is dictated
by the jiinge rule for flaps that open
inward (see Fig. 5.3%).%' 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 achicving
uniform tension along the wound
line. Even a single suture placed too
tightly can cause gaping along the
whole circumferenice 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
eliminaies the inherent disadvan-
fages of the running suture
(Fig. 5.95).

* Risch as an inveterated wound contain-
ing incarcerated foreign material (foreign
body, iris prolapse, leas capsule, etc.). If
a long interval passes [rem trauma to
treatment, the wound margins will stiffen
in a gaping position as a result of tissue
organization, and removal of the incarcers
ated material will kave a defect. Simitar
preblems can arise when an aitempt is
made to close an anliglaucomaltous fistula
secondarily.

*®In some cases coverage of the wound
area with a conjunctival flap may be nec-
essary to improve waterlightness,

51 The standard rules of wound closure
apply only if specific conditions are met:
Closure by the valve mechanism is possi-
ble only if the wound surfaces are smooih
and congeuent; irregular wouad surfaces
require compression sutures to provide a
contact area adequate for closure. The
hinge rule apptics only if there is sufficient
tissue tension. In trephining, then, the pri-
mary task of sutures is to make the disk
tense, the numbec of sutures depending on
the inherent elasticity of the tissue. Once
sufficient tension is achicved, the definitive
aumber of sutures depends on the hinge
rule.

g
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Fig. 5.93. Repalr of small tissue defects.
Use of relaxing incisions to obtain scleral
or corieal stiding flaps. (Note: Comieal
flaps must be de-epithelialized before use.)

a A partial-thickness incision made some
distance from the weund margin mobilizes
ke superficial tissue layer, allowing it to
be swung into the defect. Note? The retax-
ing incision must be longer than the defect
10 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
perpendicutar to the wound margin.

a If sufure Lension is uniform, the wound
edges are pressed together wniformly
about their dircumference.

b if even ane sulure is overtightened, the
enlire wound gapes

Fig. 5.95. Continuous suturés in corneal
disks. In circular wounds the side effects
of continuous sutures play a minor role.
The teadency of continuons sutures 1o
move onto ond plane when tightened (se¢
Fig. 2.103a) may nol fatlea the dome, be-
cause a circular wound is already on one
plane, The lateral shifling tendency on su-
ture tightening is of no consequence in a
circular wound (se Fig. 2.111)

6 Operations on fhe Ciliary Body

The ciliary body is attached to the
ocular wall at the seferal spur. This
band of attachment forms a barrier
between the anterior chamber and
the sclerochoroidal interspace, and
any changes in that barrier will af-
fect the intraocular pressure. Opes-
ations on the ciliary body consist
either in separating the ciliary body
from its attachment {eyclodialysis)
or reattaching the ciliary body to
the scleral spur {cyclopexy). ’

6.1 Cyclodialysis

Detachment of the ciliary body is
accomplished with a bfunt spatula
whose shape conforms to the
curved inner surface of the sclera.
The spatula is intreduced through
a scleral incision into the sclerocili-
ary space and passed along the in-
ner scleral surface toward the ante-
rior ¢chamber, Injury to the vulnera-
ble, vascular uvea is aveided by
pulling the selera away from the uvea
with the spatula rather than push-
ing the uvea from the sclera.' AR
the manipulations in cyclodialysis,
then, are accomplished essentially
by outward traction. This preduces
a visible external bulge in the sclera
which aids the eperator in recogniz-
ing the pasition of the spatula.
Patency of the cycledialysis can
be maintaiced by the injection of
viscoelastic material. However, the
high resistance at the scleral spur
may cause the material {o flow back

t Avoid the horizontal meridian with the
long posterior ciliary artedes!

beneath the choroid during the in-
jection. Therefore, following the
rule for the application of viscoclas-
tic materials {see Fig. 2.20) the re-
sistance at the scleral spur is over-
come by first probing with the rigid
cannula before injecting the materi-
al (Fig. 6.1).

Lig. 6.1. Injection of viscoetastle mateidal
for cyclodizlysis

&, b Technique leading to inadvestent fill-
ing of the sclerochoroidal space.

¢, 4 Correct technique for maintaining
separation of the ciliary body.

a If the injection is started jpuncdiately
after inserting the cannula into the sclero-
ciliary space, the resistance at the scleral
spur will defleet the flow of viscoelastic
material.

b The material is diverted backward into
the space beiween the sclers and choroid.
¢ This is avoided by first passing the ¢y¢-
lodialysis cannula inte the anterier
chamber to dissect the citiaty body from
the scleral spur.

d The viscoelastic material is injected on
withdrawal of the cannula, It expands and
mainlains the communication formed be-
tween the anterlor chamber and sclerociti-
ary space
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Fig. 6.2. Cyclopexy with continuous over-
lapping sufures. & Perspective view of he
suture in a scleral “step™ incision. b Over-
head view, ¢ crass section, A lamelfar dis-
seclion of the sclera has been performed
aleng the limbus, and the scleval flap (5)

has been divided into several segments {see
Fig. 1.54) and reflected. The thinned scler-
al bed (B8) is incised o expose he detached
ciliary muscle (M), A continuous$ sulure
technique is used in which the needle is
reintroduced behind the previcus point of

emergence, so that the averlying segments
run counter o ihe direction of the averall
suture ling, f, continous sudure for cyele-
pexy; 2, single loops for closure of scleral
bed

Fig. 6.3. The problem of suturing layess to-
gether with a circular needle. Top: Longitu-
dinal section through the two layers. Bor-
tomi: Overhead view of the superficizl
layer.

Arrows rop: Tissue of superficial layer en-
compassed by the suture,

Arrows bottom: Bncompassed (issuc of the
deep layer.

a Because of the curved shape of the nee-
dle, a suture thal is cortinuous in the su-
petficial layer may leave discontinuities in
1he deep layer. The magnitude of 1his dis-
crepancy for a given needle curvature de-
pends on the ihickness of the upper layer.

b If the suture that is o tack the lower
layer ta the upper layer without gaps, the
needle must be reintroduced behind the
previous point of emergence in each pass
so that an oblique, overlapping suture pat-
tern is chtained (analogous (o {he shingles
e a rool)

6.2 Cyclopexy

A disinserted ciliary body can be
surgically reattached to reestablish
an effective barrier against fluid
drainage from the anterior cham-
ber.? The suture used for the eyclo-
pexy must fix the ciliary body to
the sclera without leaks so that it
effectively prevents fluid sccpage
between the layers (Fig, 6.2). Such
leaks may go undetected when the
suture track is observed on the

sclerat surface, because a curved su-
ture needfe passed through a tissue
layer encompasses a much larger
area at the surface than below the
layer (Fig. 6.3a). Thus, a suturing
technique for uninterrupted fixa-
tion requires that the needle be rein-
serted behind its site of emergence
when each stitch is made, resulting
in an overlapping suture pattern
(Fig. 6.3b). Because the discrepan-
cy between the distances spanned
by the suture on the upper and
lower scleral surfaces depends on

Lo
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the thickness of the picrced scleral
tissue, placement of the suture is fa-
cilitated by preliminary thinning of
the sclera. This atso lowers the tis-
sue resistance, enabling the use of
fine needles that will cause mini-
pem trauma to the delicate tissue
of the ciliary body.

-2 B.g., to correct the hypolensive ofivat of

an overlunclioning surgical cyclodialysis
or ta repair a traumatically disinserted cili-
ary body.
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Healthy iris tissue tends to return
spontaneously to its original shape
when displaced or deformed owing
to ils elastic resiliency and the ac-
tion of the pupillomimetic muscles.
However, these forces are weak and
cannot overcome even a small {ric-
tional resistance. H the anterior
chamber has drained or if the iris
comes into contact with air bubbles
or viscoelastic material, the iris tis-
sue loses its inherent mobility and
will regain it only when reimmersed
in watery fluid.!

Fig. 1.1, Approaches for ivls operations

a In the intrabulbar approach, the ids re-
maing in its natural position while surgical
insteuments are passed into the anterior
chaneber,

b In the extrabulbar approach, the irs is
brought out of the anterior chamber and
operated on outside the eye

7.1 Iris Displacement
and Reposition

Owing to its very high mobility, the
iris can _be partially exteriorized:
from the anterior chamber and
operated on outside the globe. We
can distinguish, then, between in-
trabulbar and extrabulbar iris oper-
ations (Fig. 7.1).

The iris can be exteriorized by
means of traetion (with forceps) or
pressure {expression}). Bxpression is
accomplished by first apposing the
irig to the incision, effectively mak-
ing it pari of the chamber wall, and
then raising the intraocular pres-
sure until the iris prolapses from the
eye (Fig. 7.3).2 Because the tissue
in this prolapse is distended as well
as displaced, the actual amount of

iris extruded from the eye cannot
be determined from the size of the
prolapsed bleb, This amount can be
estimated, however, by evaluating
the undistended iris lissue remaining
in the anterior chamber {Fig. 7.2).

! Pupillomimetic agents per se are ineffec-
tive in these situalions and therefore
should he combined with the injection of
watery fluid.

2 Ieis prolapsing spontaneously through
the incision when the anterdor chamber is
cidered signifies an efevated intraocular
pressure that must be quickly brought
under control {main danger: Expulsive
hemarchagel).

Fig. 7.2. ¥isual evatuation of prolapsed iris
tissue, The size of the prolapse is a poor
indicator of the quaniily of exteriorized
tissue. A belter indicator is the position
of the pupil, which shows how much iris
remains in the antedoer chamber. For clazi-
ty, the drawing shows the ids divided into
concenteic zones colored different shades
of pray.

Left: All the prolapses appear to be of
nearly cqual size, but contain differeal
amounts of tissue. Righs: The true extents
of the prolapsed iris are shown in black.
‘They indicate the size of ihe iridectomy
that would result if the prefapsed Hssue
were seclioned flush with the eye surface

Enis Displacement and Reposition
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7.3. Expression of the itls

a Two blunl expressors (¢.g., spatulas) are
applied 10 the wound margins. The pres-
sure on the upper instrument seafs off the
valvular wound and initially caises the in-
traocular pressure.

b Mext the lower instrument is slightly de-
pressed to open the wound and zllow ex-
trusion of the icis by the intraccular pres-
sure.

¢ While lining the wound, the iris becomes
pari of the ocular wall. A further rise of
intraccular pressure will stretch dhe icds
more than the cornea, causing it to bulge
autward. The prolapse has the same pres-
sure as the anterior chamber,

d Incising the prolapse destroys its status
as a pressure chamber, Once the prolapse
has collapsed, additional iris will nol be
extruded by a further mise in intezecular
pressure. Instead, the pressure tise reacti-
vates the valvular mechanism of the
wound, and the ins tissue is incarceraied

Fig. 7.4. Repositioning the {ris by tapping
the wound

a Incarceration of iris in the wound.

b Reposition is ¢ffected by tapping aloag
the lower wound margin to monentarily
reopen the wound and allow the prolapsed
is to retract into place. This is started
well back from the outwardly visible pro-
lapse, because the incarceration is consid-
erably larger infernally {light gray) than
its extesnal portion (dark gray) would sug-
Best

The first step in repositioning
the prolapsed iris is to eliminate the
factor sustaining the prolapse — the
raised intraocular pressure. This
pressure is lowered by the removal
of aqueous, cither by atlowing the
fluid to drain adjacent lo the pro-
lapse (by briefly opening the inci-
sion) or by incision of the prolapse
itsell (Fig. 7.3d). The repositioning
maneuver is then completed by aid-
ing spontaneous retraction of the
iris or by using an iris repositor.

To Fully utilize the retractile ten-
dency of the iris, it is necessary to
decrease frictional resistance. Fric-
tion at the fncision is eliminated by
separaling the lips of the incision,
taking care in critical situations to
hold the wound open as bricfly as
possible (Fig. 7.4).* Friction inside
the anterior chamber is reduced by

3 If the vilreous pressure has net been ade-
quately bowered, keeping the incision open
too tong will only aggravate the iris pro-
lapse and may allow the undesired pro-
lapse of ether intraocular tissues.

Fig. 7.5. Reposilioning the fris by refilting
the antetior chamber

a The gentle injection of a fuid stream
(which may contain a miotic) restores iris
mobility and aids spontaneous reposition.

b 1 the iris is driven downward by a direct
ftuid jet, the compensatory upwelling of
vilteous forms a  “mushreom™  that
hinders pupillary contraction (this is pre-
verted by injecting broukh a “waler-
tight” orifice thus restoring the pressure
chamber, sce Fig. 2.25)

the injection of watery fluid, to
which a miotic (e.g, 0.19%-0.5%
acetylcholine} inay be added if nee-
essary to stimulate the reposition-
ing action of the iris musculature
{Fig. 7.5). :
Iris reposition can also be cf-
fected directly by applying spatulas
(repositors) to the trabeculae. In a
watery miliew the spatula can be
stroked horizontally in thie natural
direction of the iris trabeculae, But
il viscoelastic material has been
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Fig. 7.6. Repositioning the iris with a spatu-
Ta (for the case where there is viscoelastic
malerial behind the iris). The viscoclastic
material is not removed from behind the
iris by stroking the spatila just in a hori-
zontal direction. The spatula must also
Ppress 1he iris downward (red arrow) to ex-
trude the viscoslastic material through the
pupit (and through any iridectomy) (black
arrows), Note: The spalula should be
moved slowly and held in the depressed
position for sufficient 1ime to allow the
viscous fluid 1o flow away

"

placed behind the iris, the spatula
also must be pressed downward to
indent the viscous mass (Fig. 7.6).
Care is taken to direct the repositor
it a way that avoids vectors toward
the pupil or iridectomy; this en-
sures that any excessive motion
of the instrument will not harm
structures behind the iris plane
(Fig. 7.7).

The success of the repositioning
maneuver is judged from the posi-
tion of the trabeculae, the collar-

Fig. 7.7. Repositioning the ités by stroking
the stroma. Spalula movements that go
beyond the stroma into the pupil or iridec-
tomy do not improve the effect and actual-
ly endanger structures dezp to those open-
ings.

a Pollowing peripheral iridectomy, the
spatula is inseried beneath the iridestomy
from the side and streked toward the pupil
with its long (blunt) side leading.

b Foltowing a seclor iridectomy, the spat-
wla may be stroked parallel to the iridec-
tormy and pupil, but not toward thern
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Fig. 7.8. Dlagnosis of Ivis incarceration

a Diserete incarceration in distensible tise
sue. The pupil retains a normal shape and
position, because the (issue between the
pupil margin and incaeceraiion site is ade-
quately distended. This distention, signify-
ing incarcecation, s evidenced only by a
displacement of the collareite.

b Discrele incarceration in poorly disten-
sible tissue. The pupil is distorted inte an
ellipse whose leng axis points toward the
incarceration site. Note that here the col-
larette is uniformly disiant from the pupil
margin

Fig. 7.9. Irds fncarcerallon in 4 peripheral
Irldectomy o
a The criterion for successful ids reposi-
tion after peripheral iridectomy is a pupil
Haltened on the side of the irideclonyy,
since division of . the jris rool causes the
sphincter force to predominate at that lo-
cation,

b A round pupil following peripheral ii-
dectomy may signilie an incarceration of
iris tissue {check the position of the collar-
etle! See Fig. 7.8a)

Fig. 7.10. Incarceratton in a sector iridee-
{omy

a The criteria for successful irls reposi-
tion: The pupil margin and the collaretie
are everywhere equidistant from the roet,
the sides of the iridectomy are of equal
length, and its corners are well formed.

b Partial unilateral incarceration: The pu-
pif margin is displaced upward, and one
corner is blunted.

¢ Partial bilateral incarceration.

d Total bilateral incarceration. The
corners of the iridectomy are ill-defined,
and the pupil margins extend toward the
wound

ette, and the shape of the pupil
(Figs. 7.8-7.10).

Failure of all these manguvers
implies the presence of other ob-
structions such as incarcerated fens
capsule or vitreous. Clearing these
obstructions exceeds the bounds of
simple iris reposition and necessi-
tales more extensive measures
geared toward the properties of the
tissues involved.

7.8
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7.2 Grasping and Cutting

Because the iris tissue is 5o mobile,
its sectility is low. On the one hand
this is helpful in preventing ids inju-
ry, but on the other it complicates
the conduct of precise manipula-
tions. Due to the forward shifting
tendency of the iris (see Fig. 2.62),
incisions are shorter than the dis-
tance actually fraveled by the cut-
ting edge. Thus, if the cut is to be
made with a single snip of the

scissors, the blades must be consid-
erably longer than the proposed in-
ciston.

The lateral shifting tendency
causes tissue to shilt toward sites
of anatomic or instrument fixation
(see Fig. 2.63). In the ungrasped iris
the tissue shifis toward the iris root,
so that the resulting incision de-
viates toward the pupil (Fig. 7.11a).
Grasping the iris with forceps
creates. new fixation sites (Fig.
7.11b), and the shift tendencies be-

come more complex: The tissue be-
tween the iris root and forceps be-
haves like tissue with bilateral fixa-
tion, so the “rule of retraction™ ap-
plies (see Fig. 2.64). There is only
unilateral fixation between the for-
ceps and pupil. This produces a lat-
eral shifting tendency whose exteat
depends on the countertraction of
the iris sphincter.

Lamellar deflection is a less im-
poriant phenomenon in the iris, but
it can aftect an incision that is car-

ried obliquely across the trabeculae
(Fig. 7.12). The extent of the deflec-
tion depends on the difference be-
tween the resistances of the trabecn-
lae and the interstitial tissue. *
Pathelogic tissue chaiges® can
radically alter the tactics of iris op-
eralions. The altered iris tissue be-
comes inelastic and innnobile; thus
it becomes more sectile and tears
in response 1o the slightest insult.
‘The primary task of the surgeon in
this situation is to restore iris mobil-
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Fig. 7.11. Shifting tendencics caused by
unitateral fixation

a Tissue ahead of the cutling edge tends
to shifi toward the peiphery {thick ar-
rows), so that the resulting cul deviates
progeessively toward the pupil. This ten-
deney can be partially offset by the pull
of the iris sphingter (rkin arrows). Asa re-
sult, there is a marked lendency toward
peripheral tissue shifting in mydriasis, but
in miosis his tendency can be neutsalized
by sphincter traction.

b Grasping the iris with a fixation forceps
creates Lwe zones in which diffecent tea-
sions prevail. From the iris root to the for-
ceps {peripheral zone B), the iris behaves
as il it were fixed bifaterally, but from the
forceps to the pupil margin {pupillary zone
P) it behaves as if fixed unilaterally (e,
by the fixation farceps alone)

Fig. 7.£2. LameHar deflection in the irls.
The cut tends to deviate onto a path paral-
Iel te the irs irabeculae.

a Cutsangled away from the idis rool tend
1o deviate toward the pupil (red arrow).
This Jeaves more tissug in the area between
1he iris roat and the incision than plaaned.
b Cuts angled toward the periphecy are
deflected onto a path perpendicular to the
iris rool. The area between the iris root
and the incision {red arrow) is smaller Ihan
that corresponding to the guidance direc-
tion (black arrow). The discrepancy be-
tween the intended cut and the resulling
cut is shown in pink {below)

ity, Pathologic fixation to sur-
rounding tissue (synechiae) must be
divided, and rigid tissuc must be
mobilized by relaxing incisions.

*Thus, lamellar deflection is most con-
spicuous in the pate iris and less so in the
heavily pigmented iris, which has a more
hemegeneous structure.

5 1g, scarsing after inflammations, atre-
phy following acute glavcoma or previous
laser treatments, pronounced senile degen-
ecalion, efc.
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7.3 Iridectomies

1t is difftcult to predict (he exact size
of an iridectorny because of the
shifting tendencies of the tissue,
which change constantly dusing
manipulations. When dealing with
a specific clinical problem, there-
fore, the surgeon must decide which
criteria are the most impertant
{e.g., securing a basal position of
the iridectomy, Fig 7.13) and
where compromises may be tolerat-
ed (e.g., the shape and size of a pe-
ripheral iridectomy).

The basic technique for iridec-
tomy is to excise the tissue at the
apex of the pyramid formed when
the tissue is tented with a forceps.
The portion of the pyramid lying
above the guidance path of the
scissars is excised, and the underly-
ing portion retracts into the anteri-
or chamber, But the shape of the
irideciomy cannot simply be esti-
mated from the geometry of the
pyramid and the plane of the
scissors, because the different faces
of the pyramid are under different
degrees of tension (Fig. 7.16). Thus,
excisions in pyramids of identical
geometric configuration can yield
strikingly different results.

Conirolling the shape and posi-
tion of the iridectomy is basically
a matter of properly coordinating
the fixed and the variable quantities
that are associated with the cutting
and grasping of iris tissue.

A major fixed, predetermined
quantity in cuiting is the starting
point of the iridectomy, i.e., the site
where the scissors are applied. Also
predetermined is the longitudinal
axis of the excised oval, which fol-
lows the direction of motion of the
cutting point, i.¢., the direction of
the scissor.blades (Figs. 7.14, 7.15).
The width of the iridectomy is vari-
able, however, for it depends on the
shifling tendéncy of the tissue. The
length of the iridectomy is also vari-
able for the same reason (except

when the cut is directed toward the
iris root, se¢ Fig. 7.15).

Another factor affecting the size
of an iridectomy is the bfeb of iris
tissue that forms above the scissor
biades as closure of the blades is
initiated. As the pressure inside the
bleb rises, it can create an addition-
al force that shifts the tissue ahead
of the scissor blades, When the
blades are closed slowly, surrounrd-
ing iris tissue tends to be drava into
the bleb, which becomes progres-
sively larger.® Once incised, how-
ever, the bleb collapses, and part of
the tissue previously drawn into the
bleb retracts to its former posi-
tion.” Thus, there is a © bleb phase™
of the iridectomy in which the ex-
cision tends to be larger than
planned and a * collapse phase” in
which the excision becomes smaller.
The precision of the cut can be im-
proved by closing the scissors rap-
idly and allowing no time for shift-
ing to occur.

On grasping, the site of applica-
tion of the forceps determines sev-
eral fived quantities: the minimum

% This tendency is strongest when ihe
scissor blades are long and the interblade
angle is small during cutting (e.g., de
Wecker's scissors).

? This may happen with a short-bladed
scissors thal cannot transect the whole iris
pyramid at once (e.g., Yannas srissors).

Fig. 7.13, Slze and placement of an iridec-
fomy 1o reslore aqueous circulation in case

. of pupillary block. Adhesion of the mar-

—

gins wilth surrounding  structures s
avolded by placing the iddectomy so that
it cannot tome in contact with neighber-
ing tissues. Peripheral placement of the iri-
dectomy wiil cosure adequate clearance of
the itis from the lens capsule and anterior
fyaloid in beth the phakic (a) and aphakic
eye (b). Contact is unlikely even with a
lax and bulging anterior hyaloid, because
the ciliary processes act like a rake to hold
the mensbrane back. The size of the iridec-
tomy is less critical than its placement. The
only caveat is that the opening should not
project far encugh into the optical axis to
cause visual disturbance {e.g., diplopia)

I
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Fig. 7,14, Dirccting the sclssots parallel to
the frls root

a Directing the scissors parallel to the iris
root produces a broad iridectomy with a
transyerse oval shape. The site where the
cutting point is applied {red) defines the
posilion of one lateral edge of the iridec:
tomy, but the maximum pupillary exteni
and end point cannot be predicted.

b The tissue is shified periphesally by the
advancing cutting point. The resulting iri-
dectomy extends farther toward the pupil

- than ihe blade position would indicate.

There is a risk of sector (pupil-to-reot) iri-
dectomy

Fig. 7.15. Direciing (he sclssors toward the
iris root

# Cuiting toward 1he iris reot produces
a narfow iridectomy wilh a cadially ori-
ented longitudinat axis. The maximum pu-
pillary extent is determined by the site
where the cutting point is applied (red).

b The lateral extent depends on the mobil-
ity of the tissue gathered toward the cul-
ting pefnt from both sides. This mebility
is constrained by the lamellar structure of
the trabeculae {see Fig. 7.i2a) and the pe-
ripheral fixation

Fig. 7.16. Forming and scetioring the “iris
pyramid.” Traction on lhe grasping for-
ceps rajses theirisinto the shape of a pyra-
mid. All tissus located above the guidance
path of the scissor blades (red) is cxcised.
If the pyramid were composed of fiem,
noncompliant matesial, either raising the
forceps or lowering 1he plane of the scissor
guidance path would yield the same result.
But the iris is compliant, resitient, and is
fixed unifaterally al its root; therefore
each of these actions produces a different
result.

B: Peripheral (basal} portion of pyramid
£: Pupillary portion
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distance of the excision from the iris
reot (Fig. 7.17), the minimum pe-
ripheral width of an iridectomy di-
rected  toward the iris  root
(Fig. 7.18), and the minimum size
of the irideciomy (Fig. 7.19). Vart-
ables in the procedure relate to the
force and direction of the traction
that is applied. Changing the
strength of the traction allers the
tension on the basal side of the pyr-
amid but docs not aifect the
amount of tissue there; meanwhile
the tension on the pupif side remajns
low, but the amount of tissué in

that area is affected. Changing the-

direction of traction draws different
portions cf the iris across the plane
of the scissors and incorporates
themt into the excision. Thus, trac-
tion toward the pupil draws more
peripheral lissuc into the excision,
whereas centrifugal traction incor-
porates more of the central portion
(Figs. 7.20, 7.21). The same effects
can be achieved without moving the
forceps simply by changing the ineli-
nation of the scissors (Fig. 7.22).

Fig. 7.17. Fixed quantities ¢edermined by
applicailon of the forceps. The forceps
placeient deteemines the distence from the
pyramid apex to the jris root (B) and lo
the pupil (7). Because 1ke application site
is always included in the excision, il deter:
mings the minimum distance of the ex-
cision from 1he anatomic boundaries of
the irs

Fig. 7.18. Fixed quaniities determined by
apphication of the forceps: Peripheral widih
of the iridectomy. At a given distance from
the iris roct, the separation of the forceps
blades (5) determines the peripheral widih
(X} of the ids “pyramid™ and thus the
maximum peripheral widih of the iridec-
tesny (left) that can be achieved by scc-
tioning the pyramid with one snip of the
scissors. Right: Bxamples of basal widihs
for different blads separations

Fig. 7,19, Fixed quantities determined by
application of the forceps: Minhnum size
of the fiidectomy. Left: The blade separa-
tion determines the minimun size of the
iridectonzy {tap), which can be no smalier
than the area grasped between the blades
(boftom). Right: Bxamples of minimum ir-
idectomy size for various blade scpara-
tions

s
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Fig. 7.20. Effect of the degree of forceps
traction on the irldectomy. The conceatric
gray zones follow the pattern #n Fig. 7.2
‘The guidance path of the scissers (scissor
plane) is cutlined in red as in Fig. 7.16.

a Mild traction produces a [ow pyramid
which placeslittle tension on the peripher-
al iris and draws little of the pupillary iris
{dark gray) across the scissor plane.

b Bxcised area. The dow tension results in
a strong lateral shifting tendency, and the
idectomy has rounded inargins. Grealer
traclion would preduce the silvation in
Fig. 7.21 b, with increased tension in the
penipheral ins (dark gray) and preater ex-
tension of the iridectomy loward the pupil
(tight gray). The pecipheral width would
remain unchanged
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- Fig. 7.21. Effect of (he direction of forceps

traclion on the iridectonty. Changing the
direction of the traction without changing
its magaitude does not aflect the peripher-
al iris tension but does affect the amount
of tissue drawa from the pupitlacy portion
above the plane of the excision.

a Traclion towasd the pupil yields the
smallest iridectomy (includes only the dark
gray zong). Because the peripherzl iris is
very tense (in contrast to Fig. 7.20a), the
irideclomy is narrower and has siraight
margins {see d).

b Upward traction draws part of the cen-
tral jrs iato the irdectomy (fight gray
zone).

¢ Traction toward the iris rool draws
more pupitlary fissug above the scissor
piane (while zone).

d dridectomies A, B and C obtained in sit-
ualions &, band ¢

Fig. 7.22. Effect of the angle ol sclssor ap-
phication on the iridectomy. By changing
tha inclination of the scissors while hold-
ing the forceps staticnary, the surgeon can
tailor the iridectomy just as he can by
changing the directicn of forceps traction
while holding the scissors stationary. The
iridectomies resulling from scissor posi-
tions 4 and B correspond to those in
Fig. 7.21d
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Fig. 7.23. Extrabulbar frldectomy. Because
the lissue in the prolapse is stretched, it
is difficult to estimate the true distance be-
tween the site of forceps application (red)
and the iris root. An iridectomy of mini-
mum size is obtained by grasping the pro-
tapse as close as possible to Lhe basal lip
of the incision (dark gray zone). Grasping
at sites higher on lhe bleb yields larger
iridectomies. The maximum widih of the
iridectomy al the root is limited by ihe
width of the jncision

Fig. 7.24, Effect of the direction of traction
on intrabulbar and extrabulbar irfdeciomles

a In an intrabulbar irideclomy, changing
the direction of traction brings new tissue
above the guidance plane of the scissors
(red); this alters the shape of the iridec-
tomy as in Fig. 7.21.

b In an extrabulbar iridectomy, changing
the direction of traction does not affect
itis Tying above the gnidance plane. Thus
the shape of the irideclomy depends on
the degree of traction rather than its dires-
tion

Performing an extrabulbar iridec-
tomy changes the distribution of
tension on the iris tissue and aliers
its topography. When the iris is
grasped with a forceps, it is more
difficult to estimate the distance be-
tween the site of foreeps application
and the anatomic boundaries of the
iris (root, pupil margin} (Fig. 7.23}.
The maximum peripheral width of
the extrabulbar iridectomy is no
longer determined by the separa-
tion of the forceps blades (sce
Fig. 7.18) but depends chiefly on
the width of the corneoscleral inci-
sion, for only tissue lying directly
below the opening can be sectioned
close to the root (tissue drawn into
the prolapse [fom the side is not
divided at the root). Asin the intra-
buibar procedure, the amount of tis-
sue that is drawn across the scissor
blades depends on the degree of
traction. The direction of the trac-
tion is of lesser importance, because
friction at the lips of the incision
creates a new fixation zone that
hinders tissue moverent from the
pupiliary zone (Fig. 7.24}.

The main difticulty in cotling is
to get close to the iris root. If this
is attempted by pressing the scissor
blades firmly against the ocular sur-
face, there is a danger of raising the
intraocular pressure and enlarging
the profapsed bleb. If the planned
size of the iridectony just equals the
quantity of prolapsed lissue, en-
largement of the Meb can be pre-
vented by cutting the iris quickly

Alternatively, if the iridectomy is to
be smailer than the prolapsed tis-
sue, the bleb is incised and allowed
to collapse before the excision is
performed.

Although many factors infiyence
the excision of freely mobile iris,
there arc several practical guidelines
for the technique of iridectomy:
The begt precision is achieved by
cutting toward the iris root. The
maximum pupillary exient of the ir-
idectomy is then determined by the
site of scissor application, and later-
al shifting is reduced by the high
tension in the peripheral part of the
pyramid and by cutting paratlel to
the trabeculac (Fig. 7.15). If the cut
is made paraflel to.the rect, how-
ever, the shifting tendencies of the
tissue will tend to make the iridee-
tomy larger than planned. In this
case the pupillary extent of the iri-
dectomy is not limited by the site
of scissor application, but depends
chiefly on iris mobility. The tissue
will tend to shifi continuously from
the lax pupillary part of the pyra-
mid toward the forceps or the root,
this tendency being reinforced by
the cross-trabecular trajectory of
the cut (Fig. 7.14). The result of this
may be an unintended sector iridec-
tomy if the cut crosses the pupil
margin.

The following practical examples
serve to illustrate how the above
tendencies can be utilized to achieve
specific gopls:

A peripheral irfdectomy of mifni-
mwn size (Fig. 7.25) is obtained by
cutling mostly in the tense porlion
of the pyramid. This places the iri-
dectomy closer to the roof by ex-
ploiting the retractile tendency of
_1he irls tissue. Additionally, the cut
is directed toward the root Lo define

the maximum pupillary extent of
the excision [rom the cutset and re-
duce lateral shifting (sce Fig. 7.15).

To obfain.a peripheral iridec-
tomy that is somewhat lerger than
a given excised corneal opening,®
surrounding jris tissue must be
drawn into the area between the

S

Iridectomizcs 205

Fig. 7.25. Objective: Peripheral Iridectomy
of minlmat size.

Grasping: Small blade separation (A) and
short distance [rom ids root (B).
Traction: Firm in ke direction of the cut-
ting point.

Cutting: Posilion of guidance plane: In
tense part of pyramid (ic., just below for-
ceps), close 1o traction fold, close to iris
root. Guidance direclion: Toward iris
reot.

a Diagram of planned shape of isidec-

. lomy.

b Fxtrabuibar irideciomy: Selection of
tense portion by inclining the scissors.

¢ Excision of the incised trangle by cut-
ting along the iris root.

d Iatrabulbar iridectomy: Selection of
fense portion by dicccting traction just
abave the scissor blades. Since the scissor
blades are paralie! te the inis plane, they
may exiend beyond the base. The excision
is done with one saip of the scissors

scissor  blades  (Fig. 7.26). The
blades are directed along the longi-
tudinal axis of the corneal opening
(Fig. 7.14).

A sector iridectomy made with a
single snip of the scissors (Fig. 7.27)

- will always have rounded edges, be-

cause much of the excision is per-

formed in lax tissue.® If ke goal

is a sector iridectomy with straight
margins, the excision must be per-
formed in several steps (Fig. 7.28).

8Pg, in an antiglwcomatous fistula
made with # trephine or scissors (irabecul-
ectomy), the iridectomy may be made
larger than ke corneal opening o avoid
synechize with the wound margin.

? If the forceps is applied at the pupil mar-
gin to make the tissue lense, the resulting
iridectomy will be triangular in shape, ic.,
narrower peripherally than at the pupil.
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7.76. Objective: Pexipheral [ridectomy
larger than a given corneal opening

a Diagram of the planned shape of the
iridectonty: The marping of the indectony
are 1o lie at distance ABC from the mar-
gins of 1he cerncal opening (black rectan-
gle).

b Task: Ios tissue must be exieriorized
from the ureas corresponding ta ABC.

¢ First method: Segments ABC are exte-
rorized by spontanecus prolapse. Control
is difficult, and the eflect is hard to judge
due to streiching of the lissuz (see
Fig. 1.2).

d Second method: Segments 4 and & are
extenorized by closure of the forceps. 1T
the forceps grasp the edpes of a small
spontanzous prolapss, segiments A and B
are both eateriorized by closure alone.
Segment € is exteriorized by additional
foreeps traction toward 1he iris rool.

¢ Third method: Segments ABC are exte-
riorized purely by lorceps {raction. If the
iris is grasped with a small blade opening,
forceps closure effects very lietle lissue dis-
placement. Segmenis 4, B and C are exter-
iorized by consecutive traction toward the
scissors ip, iris root, and culiing point

L

Fig. 7.27. Objective: Sector 'iridectomy
with a single saip of the sclssors

Grasping: Forceps blade separation deter-
mines the minimum width. The distance
from the iris oot determines the point of
geeatest width.

Traction: The direction and degree of Lrac-
titon depend on the site of forceps applica-
tion. The traclion serves to bring the pupil
margin above the scisser blades.

Cutiing: The blades are direcled parallcl
to the ids plane so that the tips can aver-
hang the iris root. Cutting toward the root
produces upright ellipses as in a. Culling
paraliel fo the root would produce a trans-
verse eflipse wilh a large stromal excision
for similar pupillary and basal widths.

a Shape of iridectomy: For a given blade
separalion, the distance of the forceps
from the iris root determines the indec-
tomy width at the root and af the pupil
margin. The margins of the iridectomy are
rounded.

b Criteria for controlling traction: Firm

traction exploits the retraclile tendency of .

the iris to place the iridectomy close to
the iris root. In a single-snip sector indee-
tomy, it is essential that the pupil margin
be deawn above the plane of the blades

Fig. 7.28. Objective: Sector fridectomy with
stratght marglas (“keyhole™ irideciomy)

a Piagram of iridectomy {with three snips
of the scissors).

b Step 1: The pupi margin is grasped at
ong corner of the planned irdectomy. The
cut is made along the traction fold (for
minimum deviation).

¢ Step 2: A similar cui is made from the
other corner,

d Step 3: Bxcision is completed along the
iris vool. Firm tension is applied 10 exploit
the relsactile tendency of the (issue

Iridectomies 207
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7.4 Synechiolysis

When a solid spatula is used for the
blunt division of synechiae, it is di-
rected in a way that maximizes fis-
suc sectility (by increasing the tissue
tension) and minimizes resistance
(by applying the spatula at right an-
gles to the adhesions) (Fig. 7.29).
When viscoelastic material is ap-
plied as a “*soft spatula,” the mate-
rial wiil flow along the path of least
resistance. Thus, if the vesistance at
the pupil margin is high in the pres-
ence of posterior synechias, the in-
jected material may tupture the
zonule and subluxate the lens rather

Fig. 7.29. Separation of postertor synechiae

a The spatula is jnserted into an area pre-
sumed to contain no adhesions (ie., the
space peripherat to the lens marging. For
visual control, the spatuta pesition s indi-
cated by a bulgs in the igs (which can
be accentuated by raising the spatula
slightly without advancing it).

b The synechiac are cleared by sweeping
the spatula in a ceniripetal direction, ie.,
the direction in which the grealest tissue
tensien is produced (shortest path to fixa-
tion point at iris root) and resistance is
minimal (smallest diameter of adhesion
zone, gray)

Fig. 7.30. Separation of posterlor synechiae
with a viscoelastic spatula

a Ifihe resistance of the synechiac is high-
er than that of the zonule, the injected ma-
terial may penetrate the zonule and cavse
an unintended zonulolysis.

b This is avoided by dividing the syne-
chiae at one site with the tip of the injec-
tion cannula 1o aflow surplus material to
escape foward the pupil

than divide the synechiae (Fig.
7.30). This is avoided by prelimi-
nary syncchiotomy with a solid
spatula (this may be the injection
cannula itself), creating a path of
Jow resistance leading 1o the pupil.
After preparation of this route of
escape, synechiolysis with a soft
spatula can begin.

Visuat confirmation that the syne-
chiolysis is proceeding well relies on
an absence of concomitani motien
in the rest of the iris siroma. Such
motion is a warning sign that po-
tentially damaging forces are being
transferred 1o sites other than the
synechiag. Thus, for example, i the
synechial attachment is stronger
than the anatomic attachmeat of
the iris root,’® any attempt to di-
vide the synechiae would most like-
ly cause an iridedialysis. Firm syne-
chiae of this kind arc better excised
altogether and the resulting defect
repaired by an iridoplastic proce-
dure.

7.5 Surgical Enlargement
of the Pupil

The technigue for enlarging the pu-
pit depends on whether the pupil is
incapable of dilaiing because of
HoHresponse o m ydriatics or as i 1¢-
sult of pathologic structural changes
{Fig. 7.31).

If the tissue structure is normal,
localized short-term dilatation can
be effected with small hooks or con-
tact retractors. Iris hooks pass
around and engage the pupil mar-
gin, They are removed by pushing
the hook slightly toward the center
of the pupil (Fig. 7.32). Contact re-
tractors reteact the pupil margin by
establishing direct confact with the
lens surface and are easy to remove
{Fig. 7.33). Soft sponge swabs effect
temporary iris retraction by estab-
lishing direct contact with the lens
(mechanical blocking action) and
with the iris trabeculae {friction)
(Fig. 7.34). Global mydriasis of
longer duration can be produced by

19 Most adhesions with the lens capsule
or comeal endothelium are easily divided
wilh a blunt spatuls, bul adhesions with
cortical remnants or comeal stroma may
be too firm for this.
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Fig. 7.31. Visual assessment of the abllity
of the pupll to dilate

a If the pupil is dilatable, locally applied
ferces tend to deform the pupil rather than
displace it.

b The opposile effect is seen in a rigid,
nondilatable pupil, which is displaced
rather than deformed

Fig. 7.32. fris hookis as retractors

& Narrow hooks have small arcas of con-
tact with the lens and cxpose only a small
field,

b Broad hooks expose a larger field. The
large contact area with the lens increases
the risk of capsule injury, but this can b=
reduced by shaping ihe hock surface to
conform to the frent surface of the lens
(equal radii of curvature). This distributes
the Force evenly over the contacl area and
reduces pressure on the lens.

¢ Handle at right angles to the anis of
cusvature of the hook. To remove, the
hook must be pushed back toward the pu-
pil.

d Handle parallel te axis of curvature:
The hook is remaved by shmple rotatien
of the handle

Fig. 7.33. Rigld instrumenis as contact re-
traclors H

a The lower surface of the rigid retractor
conforms (o the curvature of the anterior
Iens surface, ensuring full, uniform contact
svith the lens.

b Shaping the blade like a concave cylin-
der satisfies (his condition at any angle of
application

Fig. 7.34. Spenge svab a5 an irds relracior.
Sponga swabs conform to the anterior lens
surface when moist. They alse adhere to
iris tissue by suclion and therefore can
function as retractors. [f the sponge ab-
sorbs aqueous, it expands and may endan-
ger the corneal endoshelium. Ef it becomes
soft, its efficiency as a mechanical toal de-
creases
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Fig. 7.35. Viscomydriasis. A “solt spatu-
la” can be used 1o enlarge the iris aper-
{ure.

a The injection is directed toward the cot-
larette rather than 1he pupil margin to en-
sure that viscoelastic material does not get
behind the iris. Mpre: Because visceelastic
material may ftow in alf directions, a large
amount may have (o be injected, depend.-
ing on ihe depth of the anterior chamber.
b TFhe preliminary injection of an air bub-
ble will reduce the amount of viscoelastic
material needed. Once mydriasis has been
accomplished, the air can be removed and
replaced with watery fuid

applying viscoelastic materinl as a
soft, permancat spatula (Fig. 1.35).

In pathologic tissue that is inelas-
tic and immaobile, the pupil must be
enlarged by surgical incision. A
sphincterotomy is sufficient when
changes are confined to the iris
sphincter.!* Multiple partial sphine-
terotomies leave a portion of the
muscle intact. They decrease but do
not abolish its function (Fig. 7.36),
so the pupil responds postopera-
tively te pupillomimetics and re-
tains its normal shape.

If pathiologic changes affect the
whole iris,'? the strama must be in-
cised to create an adequate open-
ing. This will abolish pupillary
function unless the incision is su-
tured. Inferlor iridotomies (Fig.
7.37) are easy to perform but diffi-
cult to suture; they are used in cases
where an unsutured iridotomy is ac-
ceptable.

Superior fridotomies are started
from a peripheral iridectomy or
parabasal iridotomy. The width of
the initial iridectomy or iridotomy

determines the width of the area
that can be exposed by reflection
of the iris flaps (Fig. 7.38).

When combined with iridotomy,
multiple partial sphincterotonties
may serve as relaxing incisions to
aid in restoring a satisfactory pupil
shape after suturing (Fig. 7.38¢).

! Asin senile or postinflammatory sclero-
sis o7 pseudoexfoliation syndrome.

L2 g o, following irftis, acute glaucoma,
or previous glaucoma surgery.

Fig. 7.36. Multiple partial sphincterotomles

a, b Sphincterotomies through a small
corneal incision: Because the small open-
ing makes it difficult to angle the instru-
ment, the angulation of the micrascissors
determines the portion of the circumfer-
ence Lhat can be incised. Incisions at other
siles require scissors with diffezent angula-
tions.

¢ With a targe chamber opening, all ke
sphincteratomies can be made with a sin-
gle insteument.

d Pastial sphincterclomies preserve pupil-
lary function while erabling mydriasis and
miosis

Fig. 7.38. Superior iridotesny

a The deep scissor blade is intsoduced
through a peripheral iddectomy, and the
cut is mads from 1here to the pupil.

b The width of ths preliminasy iridectomy
() detesmines ihe exposure oblained by
reflecting the iris Maps.

¢ In case of insufficient exposure the iris
is incised along ifs rool (arrew).
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Fig. 7.37. Infesior iridotomy

a The iridotomy is cut downward from
1he pupil margin.

b The arca exposed by a single incision
is relatively small. [ts width depends main-
Iy on the refraclility of the tissue

d Viscoelastic material can be used to ef
fect and maintain reflection of the iels
fhaps.

¢ Closure of ihe iridelomy, shown here
in conjunction with mulliple partial
sphincterotomies. Nore: If the pupil is 1o
retain a mydriatic response postoperative-
Iy, sutures should be placed only in the
stroma, 1ot in ihe sphincter itsell
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Fig. 7.39. Controlling sectility in sphincier-
otomles 2nd fridotomies

a Iris mobility ({friction betwesn the
scissor blades and (issue) as well as tissue
tension can be conlrelled by tipping the
scissors laterally,

b Friction is ¢liminated by holding the
blades so that their sidés are not in contact
with the tissue. The blades are held in this
position when advanced to the point of
incision, their bluat edges leading to avoid
tissue damags.

¢ Tipping the blades laterally brings their
sides into contact with the tissue. This
makes the lissue tense and increases fric-
tien. The blades are held in that posilion
during the working metion (¢losure).

d Iris mobility can be reduced by embed-
ding the tissue in viscoglastio materiaf. The
effect does not depend on the scissor posi-
tion. Because forwaxd shifling is neutral-
ized, short micrescissor blades can be used

The precision of iridotomies and
especially of parlial sphincteroto-
mies is enhanced by applying tech-
niques that minimize iris shifting by
the advancing cutling point of the
scissors (see Fig. 2.81), This can be
accomplished by making the cui
swiftly to exploil tissue inertia, by
tilting the blades to fixate the tissue
by friction (Fig.7.39a—<), or by
viscoelastic  inmmobilization  (Fig.
7.39d).

7.6 Repair of Iris Defects

The closure of iris defects is indicat-
ed not only on cosmstic or optical
grounds'® but also for surgical
tactics. The tactical reason is to re-
store tension to the diaphragm to
prevent anterior synechiae.

In iris tissue wilh normal mobi-
lity and compliance, most defects
can be satisfactorily repaired by ap-
proximaling the margins of the de-
fect with simple interrupted sutures.
Defects in rigid iris tissue must be
repaived with sliding flaps mobilized
by means of relaxing incisions. Re-
laxation may pose a ditemma, how-
ever, for it is antitheticat to the goal
of restoring diaphragmalic tension
(Fig. 7.40). Thus, disinsertion from
the iris roat, while very effective for
relaxation, should be avoided
whenever possible, The peripheral
iris suspension is preserved by plac-
ing the relaxing incisions at the pu-
pil margin and in the iris stroma
(Fig. 7.41). Tt is easier to control the
degree of tissue advancement with
multipte small incisions than with
a few larger incisions.

13 Optical indications include the preven-
tion of glare and monaocular diplopia.

I

Eepair of lris Defests 213

Fig. 7.40. Closure of a stromal defect (e.g.,
following exeision of an anterior synechia)

# The stroma is mobitized by small pe-
ripheral iridotomnies placed at the points
where the imaginary transverse axis
through the defect (4) intersects the ins
100t.

b Adjacent stroma is approximated over
the delect with sutures, Compensatory de-
fects are feft at ihe iris root, bul these
cause no optical disturbances il in a very
peripheral location

Fig. 7.41. Closure of a sector irldectomy

a Sector jridectomy in which a segment
B has been removed from the base of the
iris and a segment P from the pupil mar-
wgin. For closurg, the tissue advancement
must compensate for these missing sep-
ments.

b An attempt to close the iridectomy di-
rectly with a suture at the pupil margin
redirects the borders of the iridectomy (5)
and shifts the pupil upward. Also, the pu-
pil circumference is reduced by the dis-
tance F.

¢ If a rotation flap is created by lengthen-
‘ing S and the pupil margin, 1he pupi! re-
wains centered, and its suspension at the
diaphsagm remains intact. The tension is
adjusted by using micreincisions to leng-
then the distance .

d The necessary degree of relaxation is de-
termined empicically by drawing he jris
into the desired position with a small hogk
and making microincisions until the de-
sired advancernent is oblained.

¢ Closure with sulures
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7.7 Sutfuring the fris

Tris sutures are used for attaching

— iris to iris (closure of iridotomies
or traumatic lesions; Fig. 7.45);

— iris ta Iris root (xepair of iridodia-
lysis; Fig. 7.47);

— iris to foreign maierial {e.g., fixa-
tion of implants; Fig. 7.44).

In a transcorneal suture the needle
pierces the cornea in addition {o the
iris, so it must be very sharp and
strong enough to evercome the cor-
neal resistance. ;

Tn an fntracameral suture the nee-.

dle pierces only the delicate irig tis-
sug, sa a fine atrapmatic needle with
a round cross-section may be used.

The selection of suture type is in-
fluenced by the widih of the opening
in the anterior chamber. Transcor-
neal sutures can be placed as an in-
dependent procedure where other-
wise no entry into the anterior
chamber is planned; intracameral
sutures are suitable only in cases

where the anterior chamber has
been widely opencd. Suture selec-
tien is also influenced by the condi-
tion of the iris tissue. Sharp, heavy-
gauge needles (i.e., for transcorneal
sufures) can be used in normal dis-
sue, for the defect produced by the
needle will be smaller than the nee-
dle cross-section (owing to the cen-
trifugal mobility of the resilient tis-
suc). However, needles of this type
wiil produce large defects in less
mobile, pathofogicatly altered tis-
sue. Then, the size of the defect will

al least equal the needle cross-sec--

tion, and any lateral needle motion
during suturing will cause an even
[arger rent. Thus, extremely fine
needles (e.g., vascular needles)
should be used to minimize trauma
in pathologically alered irs tissue
(i.e., intracamyeral sutures).
Sufficient space For suturing must
be provided both anterior and pos-
terior to the iris. Air injected into
the anterior chamber may displace
the iris posteriorly, obliterating the

retroiridal  space  (Fig. 7.42a—<c).
Viscoelastic material placed behind
the iris can expand and maintain
the reiroiridal space by displacing
deeper tissues away from the
danger zone (Fig. 7.42d).

The main fechnical difficulty in
sutaring the ieds is the extreme mo-
bifity of the tissue. In practice this
means that the site of needle inser-
tion can b precisely defined by the
suegeon, but the exact sife of erier-
gence is indeterminate, and this un-
certainty must be allowed for in the
suturing technique (Fig, 7.43). In
the transcorneal suture, the inser-
tion site is defined by an incision,
while the site of emergence may lie
anywhere on the cornea {Fig. 7.44).
The needle for the infracameral su-
ture, following its own trend of
travel, is left to emerge into an un-
determined portion of the anterior
chamber and is then withdrawn
from the chamber in a second step
(Fig. 7.45).

i

i
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Fig. 7.42. Space-lactleal conslderatlons in
iris sutaring, a—¢ alr, d viscoelastic material

a Maximum inflation of the anterior
chamber with air presses the iris firmly
against the anterior hyalold. A suture nee-
dle passed behind the ids will enter the
vilreous.

b Space for manipulations behind the jris
is preseryed by injecting just enough air
that the bubble does not touch the iris.
The remaining space witkin the chamber
contains watery fluid.

¢ Onee manipulations behind ihe iris are
completed, additional air ¢can be injected
to make room for manipulations anterior
to the iris (here: Retreving 1he thread).

¢ Viscoclastic material can selectively ex-
pand the space behind the iris, creating
the necessary space far pre- and retroiridal
manipulations
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Fig. 7.43. Principle of suture technique

a Dug to its extreine mability, the itis may
shift ahead of the 1ip (arrows) and the nee-
dle follows an unpredictable path.

b Parameters of the needle pathway: The
distance between the planned entey and
exit sites in the irs (4) is given, The site
of needle insertion into the anterior
chamber {8) is sefected with the aim of
reaching A, making proper atlowance for
the needle curvature. However, the exact
site of emergence through the cornea (C)
cannet be predicled and is feft to chaiice

Fig. 7.44. Transcorneal irls suture (illus-
trated for the fixation of an QL hapile
to the les stroma)

a A small corneal opening that is larger
externaily than internally (sce Fig. 5.18D)
is prepared. A long, heavy-paupge needlc
with sharp edges is passed through the
opening, through the iris, and emerges
somewhere on the cornea,

b The thread is cut from the necdle. .

¢ The thread is pulled back into the ante-

rior chamber with a small, fine haok, and
from there it is retrieved through the cor-
neal incision. fuset: A very fine hook can
be made by bending the tip of an injection
cannula inward; this is done by rolfing the
tip on a hard surface. The hook is smaller
than the diameter of the cannula, so it can
be passed into and out of a smafl incision
withoul sragging.

-d ‘The ends of the thread are tied into a

slip knet and drawn tight over the haptic

~.of the imptant,

€ The ends of the thread are trimmed, and

- 1he corneal incision is sulored if niecessary
¢ {se¢ hingz rule, Fig. 527}
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Fig. 7.45. Iniracameral suture (illusteated
for an Jridotomy repair)

a Through a large carneal incision, a mi.
creneedle is introduced into the anterior
chamber on a fine needlcholder and
passed through the limbs of iris. The ante-
rior chamber is maintained by space-tacti-
cal means (2.g., viscoelastic maleral),

b If the resistance of the dissue and visco-
elastic substance is not suficient to keep
the emerging needle tip from pushing the
iris aside, additional resistance is provided

" bya second instrument, An iris hook used

for this purpose increases the resistance
alt around the needle, and it can be easily
removed.

© The needle is left in the chamber just
as it emerges from the iris; it will stay sus-
pended in the chamber if the latter has
been filled previousty with viscoelastic ma-
terial. The thread is ihen grasped close 10
the needle cye with the suture foreeps, and
with the needle it is pulled backward out
of the chamber.

¢ The knot is prepared outside the
chamber and tightened inside the chamber
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7.8 Reposition
of a Disinscrted Iris

The procedure for repairing an iri-
dodialysis depends on the length of
the disinsertion and the compliance
of the tissue. With a short iridodia-
lysis and normal tissue siructure,
the iris can simply be repositioned
and held in place with viscoelastic
material untit it becomes fixed in
that position through scar forma-
tion.** With dialysis of rigid iris tjs-
sue,** greater forces will be needed

to eflect the reposition (sefid spaty- -

las and iris hooks). The iris may be
reattached at its base by incarcerat-
ing it in the corneal incision or by
using toops of thread, Incarceration
[eads to shorrening of the intraca-
meral iris surface and will cause an-
terior  displacement of the dia-
phragm, depending on the location
of the corneal incision (Fig. 7.46).
Suture loops allow for precise guid-
ance of the iris back to its normal
anatomic position {Fig. 7.47; see
examples in Figs. 7.48-7.50).

4 “Viscoreposition™ may suffice for a
small, zccidental ins avulsion occurring
during surgery. Here the lissue is struclue-
ally normal, and there are no forces (hat
might redisplace the repositioned iris, I
this technigue is uasuccessful, other obsta-
cles should be suspected (e.g., vitreous
prolapse) and managed accordingly.

15 Asin the secondary repair of an inveter-
ale postlraumatic indoedialysis. Note: Of-
ten there are associated lesions {zonular
ruplure, relinal detachment, ete) that
must bg recognized preoperatively and in-
corporated into ths operating plan.

Fig. 7.46. Reposition by incarceration of
the feis voot fn a corneal Incision. An iris
root incarcerated in a corneal Incision lies
farther peripherally than normal. it also
lies Tar anterior 1a ils nateral position if
the incision has been placed at the limbus

Fig. 7.47, Iris reposition with sutores. If the
iris root is fixed with leops of thread, an
essentially normal pupil shape car be
achizved by fine adjustment of the suture
tension. The threads can be passed well
peripherally through the chamber angle ta
give an essentially normal anteroposterior
iris pasitien

Fig. 7.48, Simple iranscorneal {ridodiatysts
repair

a After placement of the sulure as shown
in Fig. 7.44b, a third incision is made &t
the proposed fixation site behind the lim-
bus. Bolh ends of the thread above the
irks are brought out through the incision
with a small hook.

b The iris is rcapproximated to the pe-
riphery by traction on the protruding
threads. Finally the incision is sutured so
that the iris hreads can be tied around
the scleral sutures (fnsets)

Fig. 7.49. Repalr of a longer iridodialysis

a Two (or more) scleral fncistons are pre-
pared as fization sites. For each fixation
one thread loop lying above as well as be-
low the iris are brought out through the
incisions.

b Cme exteriorized foop is cut {4} and
pulled out through the second incision (B).
Finally the [oops are tied around the scler-
al sutures (inse/s)

Reposition of a Disinserted Fris
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Fig. 7.50. Transcorneat rldodialysis repa!j’
using a partial-thickness selerat Mlap, This
technique poses Little risk of aqueous loss
bevause there is a minimal opening for in-
sertion of the needle and the tetrieving
canaula hock.

a A parlial-thickness scleral flap is dis-
secled at the linbus. The thinning of 1he
tissne layer facilitates neadle passage and
enables the surgeen 1o locate Lhe anitomi-
cally cocrect insertion site while visualizing
the structures of (he chamber angle
through the thin scleral bed. The needle
passes through the scleral bed, through the
iris margin, and emerges somewhere on
the cornea (C).

b The transcomneal suture segment is
brought out through the incision as in
Fig. 1.44¢.

© With both ends of the sulure protruding
from 1hs incision, one cnd is tied to the
thread remaining on the needle, and the
needle is passed through the flaor of the
thinned sclera.

d The ends of the iris suture are tied to-
gether, and 1he scleral Bap is seplaced and
sutured

8 Opecrations on the Lens

8.1 General Problems
of Surgical Technique

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

Fig. 8.1. Methods of lens delivery

4 The normal lens is suspended by zonule
fibers, some passing to the ciliary body
{ciliccapsular ligament A) and some to the
anterior hyaloid membrane (hyalocapsu-
lar ligament 8). A third fiber systern links
the anterior hyaloid to the ciliary body
(hyalociliary ligament C).

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

b In an intracapsular lens extraction, the
lens is delivered Iatact. The hyalocapsular
and ciliocapsular portions of the zonule
ate divided, leaving behind the hyaleid
mwembrane with its hyalociliacy fibers. Tt
alone forms the anterior boundary of the
vitreous chamber (see also Fig. £.39),

- tion. But if the capsule is lax, the

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

¢ An extracapsular extraction leaves be-
hind the lens capsule with all its zonular
atiachments, so there is less weakening ol
the anterior vitreous boundary. The lens
compongnis - the antesior capsule, cortex,
and nucleus - are removed in separate ma-
neuvers
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From the standpoint of spatiat
tactics, the lens is considered part
af the vitreous chamber. Therefore
any manipulation on the lens af-
fects the entire vitreous body, and
all measures must be evaluated in
terms of their overall effect. If the
vitreous pressure is to rentain con-
stant, forces must be applied to the
lens in such a way that their vector
components are paratlel to the vit-
reous surface (see Fig. 1.45b). Con-
versely, a deliberate change in vitre-
ous pressure is produced by apply-
ing vector components perpendicu-

tar (centrifugal or centripetal) to the -

surface. Thus, shifting the lens hori-
zontally does not alter the vitreous
pressure, whereas lifting or depress-
ing the lens is apt to cause pressure
changes (Fig. 8.2).

A low vilreous pressure can be
maintained only if the lens delivery
is cffected by traction (exfraction).
If the lens is removed by expression,
a risg of vitreous pressure is incvita-
ble since it forms the basis of the
MANEUYEr,

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

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

- afignment of the lens so that it
can negotiate the pupil and inci-
sion;

— locomotion, ie,, delivery of the
lens from the eye.

All these basic manipulations can
be synthetized into a single action
by the operator, but separating
them into their individual compo-
nents is useful in that it provides
a prealer safety margin: The force
of the individual manipulations is
smaller than that of the procedure
as a whole, and the direction of the
forces can be optimized for each
step, making the maneuver casier to
comrol.

The ebjective is to remove only
the intended structures from the eye

(e

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

* In an intracapsular extraction, for exam-
ple, attention is given te the iris position:
IT the iris retains ils position during for-
ward motion of the lens (i.e., “falls back
inta place™), this is a sign that the remain-
ing parts of the diaphragm are nol follow-
ing the motion of the lens. In an extracap-
sular extraction, attention is given to the
free margins of the incised lens capsule;
these musl renzin stationary during mo-
tion of the lens nucleus and cortex.

Fig. 8.2. Space-tactical consequences of
tens movements

a Perpendicular {i.e., centrifugal or cen-
tripetal) vector components alter the vitre-
ous volume, creating a positive or negative
pressure.

b Movements along the vitreous face
cause shifts of yitreous substance bul do
not affect its velume.

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

d Rotational mevements about the sagit-
fa fens axis do not aflfect the vitreous
shape or volume

8,2 Intracapsular Lens
Delivery

In an intracapsular lens delivery,
destryction of the diaphragm is
controtled in such a way that only
the zonular fibers that bridge from
the capsule to the ciliary body and
o the anterior hyaloid are divided.
The lens capsule and anterior hya-
foid themselves shoutd remain in-
tact.

8.2.1 Mobilization (Zonulolysis)

Destruction of the diaphragm is lo-
calized to the zenule by concentral-
ing the applied forces (maximizing
pressure} precisely at thal sile while
distributing the forces as broadly as
possible (minimizing pressure) over
the lens capsule.

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

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

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

Traction toward the pupil (¥ cen-
tripetal traction ™) exerts lension on

Mobilization {Zonulolysis) 3

circumseribed fiber groups and is ef-
fective for a lecalized rupture of the
zonule (Fig. 8.4b, A"), although the
amplitude of this maneuver is lim-
ited by anatomic constraints. Trac-
tion by rotation (“circumferentinl
traction™) has an unlimited ampli-
tude (Fig. 8.4¢, B}, but the tension
afiects alt the fibers equally. Once
an initial gap is created, though, the
effect becomes localized us the
fibers adjacent fo the gap are rup-
tured first.

Fig. 8.3. Applying indirect tension to the
zonule

a If the lens capsule is tense (f2f2), litlle
tractien need be applied to the capsulz to
mazke the zonule fibers tense (right).

b If the capsule is lax (Jof7), much greater
traction is required, because first the cap-
sule must be made tense before lension
is transferred to the zonule (right).

¢ Since capsule tension dwindles as sepa-
ration of the zonule proceeds, the ampli-
tude of the traction must be gradually in-
creased to compensate



224 Operations on the Lens

b A

Fig, 8.4, Direct separation of the zomule

& Direction of fiber stretch: The fibers can
bz ruptured by overstrelching them either
perpendicular () or pazallel (#) to the vit-
reous surface,

b The zonulotame can acl perpendicular-
ly by thrusting it into the Zonule () or
by elevating (he lens (and thus the zenule)
foward the stationary zonulotome (A7)
Motion A produces force vectors directed
toward the vilreous chamber, jeopardizing

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

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

the anterier hyaloid. In molion A, the
zonule fibers are pulled away from the an-
terior hyaloid. This alse creates a nepative
pressure in the vitreous space which re-
tracts the anterior hyaloid from the danger
zane and thus reduces the risk of hyaloid
injury. The necessary depth of penetration
of 1he zonutolome (A) depends on the
compliance of the fibess, and this can be
reduced by combining it with indirect pri-
mary tension {A').

Chemicat dissolution of the zonute
with alpha-chymotrypsin® reduces
the Force necessary to eftect delivery
of the lens. However, a liquid en-
zyme is difficult 10 control both in
its intended action and its side-ef-
fects.

The enzyme dose can be reduced
by conthining chemical zonulolysis
with mechanicak zonulotomy. For
example, alpha-chymotrypsin may
be injected 1o produce the initial
zonule gap, whereupon the remain-
ing fibers are ruptured mechani-
cally with a zonulotome.

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

¢ The zonutotome can act patallel to the
vitreous sucface gither by moving lhe in-
strument along the lens cquator (B} or by
rotating the lens about its sagittal axis (5)
to press the fibers against the siationary
zonulotome. Large excursions arc possible
with no danger to the vitreous chamber.

Motions A and B affect oniy the fibers
directly ahead of the zenulotome, while
metions A’ and & tense the fibers indirect-
ly and can produce primary tension ovee
a lasrge arca

2 Desides specialized instruments, an itis
retractor {Fig. 8.18b) or even an expressor
indenting he sclera (Fig. 8.16) can func-
tion as a zonulolome.

3 Alpha-chymotrypsin is a protealytic en-
zymé that dissolves the zonule fibers when
applied in concentrations of 1:5000 te
£:10000. It acts in 1-5 min al a iempera-
ture of 25°-35°C; the waiting fime de-
pends in parl on whether the enzyme is
cold or warm when applied. 1L is inactivat-
¢d by acids and alkalis, serum and blood,
DEFP and chioramphenicel (which can be
used intraoperatively (o inactivate the en-
zyme), detergents, disinfectants, alcohel
(needles and cannulas must contain no
residucs frons these substances and must
be theat-stesilized), and temperatures
above 40° C. The enzyme preparation is
steritized by filtzation only. No preserva-
tives may be added. For this reason, only
fresh sofutions should be used 1o reduce
the risk of contamination.

The major reporied side-effect of al-
pha-chymotrypsin is a postoperative sise
of intraccular tension. There are also re-
ports of corneal damage if the endothe-
lium is disrupted, hyaloid membrana dan-
age, and retinal morbidily if the epzyms
enfers the vitreous.

Fig. 8.5. Application of zonulolytic enzyme

a Toapply the enzyme direcaly to the zon-
ule, it is injected behind the iris, The upper
circunfereace of the zonule is accessible
theough a peripheral iridectomy.

b The lower circumference is reached by
crossing ihe pupil. Lens damage is avoided
by keeping the cannula raised away from
the lens uatil the opposite pupil margin
is reached. Onca there, the cannwla lip is
lowered and is then passed beneath the
iris (above); it s always directed tangen-
tially away from the anterior lens surface.
8o the tip of the canavla does not come
in contact with the lens capsule (befow).

¢ The enzyme is distribuicd along the
lower zonule wilh a sweeping movement
of the cannula

8.2.2 Aligning the Lens
for Delivery

B-Y deciding which pole of the lens
will lead the delivery, the operator

establishes the site for making the'™

initial gap in the zonule (Fig. 8.7).
That site will determine whether it
is technically more convenient to
tamponade the pap during the de-
livery ot leave it open. * In addition,
the lens alignment determines the
relgtionship between the lens cross-
section qnd the cross-section of the

4 Scaling the zonule gap or leaving it open
affects the pressure in the vitreous
chamber  during  the  delivery;  see
Figs.8.10and 8.11.
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Fig. 8.6. Confirmaiton of total zopulolysis.
When all the suspensory fibers of the lens
have been divided, the. lens acquires a
more spherical shape (red arrows). 1t may

Fig. 8.7. Lens alignment during delivery

a Sliding: The superior pole of the lens
emerges through-the pupil and incision
first. There are gaps in the incision side
qf the zonule as well as in the opposite
side. Tamponade is difficull because it
must invelve boih lips of the incision.

also move outward if there is a slight vitre-
Qus eyerpressite, or il may sink inward
from its own weight if the hyaloid mem-
brane is lax {(white arrows)

b Tumbling: The inferior pole of the lens
emerges first. The initial gap is on the infe-
ricr side, and from that point separation
of the zonule progresses teward the corne-
al opening. Tamponade is easier because
onty the superior lip of the incision necds
to be confrolled
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Fig. 8.8. Criteria for lens alignment during
delivery: Relationship of the lens to the pu-
pif and incision

a The lens first moves vertically upward
inlo the anterior chamber, traversing lhe
pupil, and then herizontaily oulward, tra-
versing the incision. The angle between 1he
plane of 1he pupil (Pp) and the plane of
the incision {Pi) is nearly 90 degrees.

b If 1he lens is to present a minimum
crass-seclion to beth operings, it must be
rolated approximately 90°.

¢ This rotation can be reduced if the pupil
is very farge, as this allews the Jens to tra-
verse it with a larger cross-section.

d The rofation can also bs reduced by
raising 1he seperor lip of the corneal inci-
sion. Nefe: This maneuver creates & corne-
al hinge fotd.

€ Retation of the lens can be avoided by
depressing the lower lip of the corneal inci-
sion, thereby reducing the vertical compo-
nent of the delivery. More: This creates a
hinge fold in the sclera (not in the cornea),
which may affect the vitceous pressure

opening as the lens traverses the pu-
pil and the corncoscleral incision.
This in lurn determines the resis-
tance to the defivery and the degree
of force that must be applied.

Because the planes of the pupil
and the comeal incision are nearly
at right angles to each other, the
lens must be rotated almost 90° in
order to negotiate both openings
with a minimum ecross-section
(Fig. 8.8a, b). The nccessary depree
of lens rotation can be reduced by
modifying the openings, i.e., chang-
ing their size to accommedaie a
greater lens diameter (Fig. 8.8¢) or
repositioning them ento the path of
the emerging lens (Fig. 8.8d).

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

In delivery by tumbling the oppo-
site pole is the first to cmerge
{hrough the incision. Consequently
the initial zonule gap is made on the
side opposite the incision. The ipsi-
lateral zonule may remain intact al-
most undil completion of the deliv-

ery. Because of its rotation, the lens
can present an oplimum ¢ross-sec-
tion as it traverses the pupil. Defor-
mation of the vitreous can be mini-
mized by guiding the lens along the
vitreous surface in all maneuvers.
Success in achieving these goals de-
pends on the axis of lens rotation
during the tumbling maneuver. If
the lens is tumbled about an axis
at its upper pole, it will present a
large cross-scction to the pupit and
incision.® It moves away from the
vitreous, whose pressure is corre-
spondingly reduced (Fig, 8.9a).
Tumbling the lens about an intra-
lenticulyr axis exerts mass effects on
the vitreous which can raise its pres-
sure and increase resistance to the
tumbling maneuver {Fig, 8.9b). In
delivery by reverse tumbling, the
fens is rotated aboul two extralenti-
cular axes in lwo separate stages.®
Neither movement significantly af-
fects the vitreous volume, regard-
less of the shape of the lens
(Fig: 8.9¢); the lens can present a
minimum cress-section for travers.
ing the pupil and incision.

* Although it touches almost the whole
posterior surface of the cornea in this ma-
nelver, an intact lens produces relatively
litile endotheliat trauma. The main danger
is contacl with the extracting instrument
(e., capsule forceps), the most volnecable
area being the stiffered tissue at the hinge
fald,

© Reverse tumbling can be compared 1o
the backing of an autonsobile.
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Fig. 8.9, Center of rotation In varlous tum-
bling mancuvers

a Tumbling the lens aboul an axis through
its superior pole: The rotary movement
{D) preduces a vecler component (P) per-
pendicular to the vitreous chamber. The
lens presents its largest cross-section whea
traversing the pupil and incision.

b Rotation of the lens about its lransverse
axis. A spheroidal leas can be rotated in
any direction, analogous 1o a spheroidal
Joinl in a socket. The less spherical the
lens, the greater the shift of vitreous sub-
stance caused by its rotation.

¢ Reverse fumbling about extralenticular
points. Tumbling in two phases: f Rota-
tion of lens about the “center” of Lhe vit-
recus {analogous 1o Fig. 8.26). 2 Rotalion
about the center of curvature of 1he poste-
rior lens surface (analogous to Fig. 8.2¢).
In this technique the lens presents its
smallest cross-section te both pupil and
incision

8.2.3 Locomotion

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

The forces used for the delivery
(the “motors’) are either pressure
(expression) or rraction {exlrac-
tion). In delivery by expression, the
lens is expelled from the eye by
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Fig. 8.10, Préssure as a maotor for Iens de-
livery (expression}

a The pressure is increased by deforma-
tion of the vitreous chamber., IF the lowesl
resistance is in front of the leas, the lens
will be expressed.

b If the lowest resistance is elsewhere, ex-
tralenticular tissue will protrude when the
pressure i5 increased (e.g., vitreous pro-
lapse dae to inadequate tamponade)

Fig. 8.11. Traction as a motor for lens de-
livery (extractlon}

a Traction on the lens creates a vacuum
in the vitreous chamier which holds the
lens back and hinders delivery,

b Gaps next to the lens allow pressures
to equalize

pressure from the anterfor hyaloid.
The necessary pressure rise in the
vitreous chamber is produced by
deforming the viircous with instru-
ments (expressors). As shown in
Figs. 1.42c and 1.43¢, the site of
application of the expressors is im-
material in terms of the pressure
that is preduced. Their placement
is determined only by considera-
tions of resistance conirol: the re-
sistance must be low in front of the
lens itself (to clear a path for the
delivery) but high over all other
parts of the diaphragm (tampon-
ade). 1f there are zones of low resis-
tance adjacent to the lens, the ante-
rior hyaleid will bulge forward at
those sites while the lens itself re-
mains stationary (Fig. 8.10}.
Delivery by extraction is accom-
plished by traction te the lens. This
may induce an expansion of the vit-
reous space and a negative vitreous
pressure. As this tends o draw the
lens backward, the pressures must
be equalized before the extraction

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

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

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

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

7 The negalive pressure can also cause iris
pseudorigidity by holding the iris so light-
ly against the fens that delivery becomses
impossible. Unlike trug iris rigidity, which
is manifested preoperatively by a peisis-
tent failure of mydriasis, pseudorigidity {s
relieved al once when pressures are equa-
lized.

& The site of the chstruction is indicated
by the dicection of the traction folds in
the capsule {"arrows pointing to the ob-
struction™),

8.2.4 Instruments
for Lens Delivery

Expressors

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

Fig. 8.12. Expressors, The scleral indenta-
tion (pink), the aciual “expressor,” is al-
ways [arger and blunter than the instru-
ment making the indentation. By proper
apptication of the instruments it is possible
to modify the area of contact and thus
the “sharpness” of the exprissor (here:
A squiat kook)

Forceps for Grasping
the Lens Capsule

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

age.

I
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Erysiphake

The erysiphake consists of a suction
cup in which a vacum is created
to fix the lens to Lhe extraction in-
strument,

The interior of the cup is de-
signed to exert a fiem grip on the
lens capsule while preserving its in-
tegrity (Fig. 8.14). As the anterior

_capsule partially prolapses into the
cup, the whole capsule becomes
tense and, with it, the zonule. The
instrument is applied with just
encugh pressure to seat the entire
rim of the cup firmly against the
capsule surface.

? In former Limes seme surgsons eyven used
their finger as an expressor — a method
that aftfords excellent tactile feedback,

= Fig. 8.13. Forceps for grasping the lens cap-
sufe .
a The lens is grasped by a fold in the cap-
sule, )
b Jaw design: To ensuse a uniform pres-
sure distribution, the opposing sucfaces
should bz fiat and smooth and their edges
carefully rounded. When the jaws are
closed, they should meet evenly for their
full length (stabilization of grasping pres-
sure, se¢ Fig. 2.8). The jaws are desipned
lo diverge where not in direct contact with
ke capsule to reduce the danger of inad-
verlent grasping of neighboring (lissue
{e.g., the iris).
¢ Position of jaws during tracticn. dbore:
When ihe fold is pulled so that its axis
(hatched fine) is parallel to the direction
of pull, only the blunl grasping surlaces
of the jaws acl on the capsule, 10! the
edges. Below: But if the fold is pulled at
an angle, one edge behaves as a sharp in-
strument and may damage the capsule
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Fig. 8.14. Erysiphake

a Erysiphake with suction cup.

b Longitudinal section of suclion cup,
The rim is broad and shaped to conform
to the lens surface 5o that it will not act
as a cutling edge when suctior is started.
Hs edges are well rounded. The size of he
cup should be such that the capsule does
rot teuch the inside ol the cup or the vacu-
um lube, because the occlusion would oc-
cur at the wrong site and this would de-
grade the suction.

¢ The suction produces a gencral tensing
of the zonule fibers

Cryoextraciors

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

The size and shape of the ice ball
depend on the shape, temperature
and cold capacity of the crycextrac-
for, i.e., on insirument characteris-
tics thal are predetenmined in a giv-

Fig. 8.15. Cryoexfraclor

a Superficial ice formation: Encompasses
only the capsule.

b Large ice .ball: Extends deep into the
lens, encompassing the cortex and nucleus,
¢ Oblitecation of a capsule lesion by a
large ice mass

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

Criteria for the Use of Extractors

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

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

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

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

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

!2 This also applies te the zanule, which
fteezes more quickly than the Buid film
that £lls its interspaces. The danger of in-
adwertent inclusion of the zonule in the
cryoextraction is greatest when the instru-
mend tip is applied near the lens periphery.
This can be difficult to detect visuatly if
the zonular interspaces remaia transpar-
eaf.

Table 8.1
Forceps Erysiphake Cryoextractor
Space in anterior chambee smalt very laege depends on quality of
occupied by instrumnent insulation
{i.c. on danger of
[reezing surrounding
tissues)
Area of conlact with lens small very large depends on size of
ice ball
Pressure on lens during high low neglipible
grasping
Deformation of lens during considerable  depends on negligible
grasping extent of
prefapse nlo
suction cup

poscd by its ratio of volume to sur-
face area. [f the lens is almost
spherical (as in intumescent cata-
ract), any deformation leads 10 a
general rise of capsule tension that
may coniraindicate the use of de-
forming instrutnents for grasping.!!

8.2.5 The Phases
of 2 Lens Delivery

Lens delivery is a continuous pro-
€ess in which the busic maneuvers
of mobilization, alignment, and loco-
motion take place concurrently and
in succession. For practical pur-
poses, however, the delivery can be
divided into four main phases ac-
cording to the type of force applied:

[. Application of the instruments

2. Formation of the initial gap in
the zonule

3. Passage of the lens through the
pupil and incision

4. Final phase

i. In the initial phase of instrument
applieation, the applied forces serve
oatly to engage the lens with the de-
livery instrument. The degree of
force depends on the type of insiru-
ment used (see Table 8.1).

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

serve to initiate a rupture of the zon-
ule fibers. Locometion is limited to
the degree necessary to make the
fibers tense. If a zonulotome is
thrust toward the vitreous to rup-
ture the fibers, the vitreous pressure
will rise. But if the lens is fifted and
the zonule drawn past a stationary
zonulotome, a negative pressure re-
sufts which draws the hyaloid mem-
brane back from the initial gap (see
Fig. 8.4b}). The presence of this gap
is essential for the next manecuver
1o preceed smoothly.

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

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

The techniques described below
illustrate how the foregoing princi-
ples can be combined in practice to
accomplish the lens delivery.

Expression

When the lens is delivered purely
by expression, as noted above, the
vitreous chamber is deformed by
expressors, and the resulling pres-
sure increase is used to initiate and
contrel a profapse of the lens
(Fig. 8,16}, The main problem is the
potential for unintended profapses.

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

" Bevause Forceps must raise a fold in
order 10 function, they can be used only
on lenses whose capsular tension is tow.
If forceps extraclion is altempled on an
intumescent lens, the Forceps will either
skid off ihe lens surface or rupture the
capsula.

'? This suitability of spherical lenses for
delivery by expression may explain why
Smith’s expression technique was so sue-
cessful in Tndia but commonly failed else-
where. The cataractous lenses of Indians
are oflen large and spherical,



Operations on the Lens

Fig. 8.16, Expression

a Placement of strinent (feft: Sliding
delivery; right: Tumbling delivery). The
placement of the expressors determines
which pole will emerge [irst. The expressor
on the side of the leading pole is plaged
far enough from the lens border to allow
an vnresteicied delivery, It forms the ini-
tial gap in the zonule, so it is applied with
its “shazpest™ point (small arrow). The
opposite expressor keeps the lens from ris-
ing and is applied *blunity™ 10 avoid zon-
ule rupture at that site (farge arrow).

b, ¢ Stiding rechnigue.

b Formation ef initial gap. The upper,
“sharp™ expressor i pressed inward to
rupture the zonule ard simullaneously
tamponada the resulting gap.

¢ Delivery of lens through pupil and inci-
sion, Onee the leading pole has emerged
(recognized by ils free border), the pres-
sure 15 increased do induce locomotion.
Separation of the zonule proceeds as the
lens slips past the scleral bulge produced
by the upper expressor, which now is ap-
plied over a broader area 1o lamponade
the enlarging zonular gap. -

& Final phase. All pressure oa the vitreous
is released as soon as the largest lens cross-
section has passed through the corneal
opening. The delivery is completed and the
wound simultancously closed by gentic
stroking with the expressor. 1f the lens is
wheeled cut aver the opposite wound mar-
gin, it will tamponade the corneal opening
until the delivery is completed

A najor advantage of delivery by
expression alone is that no fistrie-
menis need to be introduced into
the anterior chamber. Partial ex-
pressipn achieves a similar tactical
goal while reducing the risk of vitre-
ous prolapse. kn this method the
fens is expressed only until its upper
pole presents in the incision. There
it is grasped with an extraction in-
strument and the delivery complet-
ed by a combined technique {(ex-
pression and extraction).!*

Combined Extraction
and Expression

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

13IF the emerging lens is grasped with a
cryoextractor, care is laken not to freeze
the zonule ai ils attachment. Whether or
net the emerging pole of the lens is still
attached to the zonule is judged by the
curvature of the azea between the lens and
pupil margin, Fhe surface of a lens still
attached te the zonule extends flat toward
the icis, and the pupil follows the iens
movements, Conversely, a bens free of zon-
ules presents a sharp curvature, and the
pupil margin recedes on motion of the
lens.

Fig. 8.17. Combired expression and extrae-
tion (forceps)

a Placement of nsiruments. In delivery by
stiding {Jeft), the Forceps are applied trans-
versely in the pre-equatorial zone, the inis
being simullaneously pushed aside. In
tumbling {right), the forceps are passed
closed beneath the iris to 1he pre-equatori-
al zone on the opposite side and then
opened. The expressor Lhen raises the vit-
reous pressure until the lens is pressed
against the forceps and sufficient frictional
resistance is created between the capsule
and jaws. Then the forceps blades are
closed, A solid grip on the capsule is con-
firmed by factile feedback, ie., by noting
the transmission of diaphragm tension to
the foroeps: The resislance to slight Jateral
movements of the forceps changes as the
vitrepus pressure is raised by the expres.
sor,

b, ¢ Tumbling technique.

b Formation of nitial gap. Traction on the
forceps is directed straight toward the pu-
pil cenler to make the zonule tense. If this
Lraction is preciscly korizontal, the initiat
phase of the reversing maneuver has be-
gun {diagrani at right). The expressor, ap-
plied as a zonuletome, simullaneously
forms and tampanades the initial gap.

€ Delivery of fens through pupll and inci-
séon. The vitreous pressurz is increased to
initiate locomotion. The zonula is mada
tense by zig-zag movements of gradually
increasing amplitude (see  Fig. §.3¢).
Countermovements are made with the ext.
pressor 1o ruptare the zonule (paralkl to
3ha vitreous face, see Fig. 8.4¢, B). Follow-
ing separation of the zonule inferiorly, the
forceps are passad toward the corneal
opening for the second phase of the revers-
ing mancuver (dlagram ar right). The ex-
pressor is applied with its broadest surface
to break the lateral zonule and simulta-
neously tamponade the enlarging zonular
gap.

& Final phase. All pressure is released as
soon as the largest lgns cross-section has
passed through the corneal opening. The
lens is wheeled oul over one edge of the
Incision, The incision is tamponaded wilh
the expressor
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Fig. 8.18. Extracifon with cryoextractor

a Placement of instruments. The superior
pole of the lens is exposed with an iris
retracior. The cryoextractor is appliad un-
cooled (fef1), is activated, and the lens is
immediately raised to remove the applica-
tion site from the heat-conducting fluid
layer (right). The definitive ice ball forms
in the insulating air.

b Formation of iritial gap, Upward truc-
tien brings the zonule in direct contact
wilh the irs retractor, which acls as a
“sharp zonulotome” (o rupiure the fibers,

¢ Passage through pupil and cornea. Trac-
tion is increased to initiate locomotion.
Meanwhile the rest of the zonule is sepa-
raled by pulling the lens past the ids re-
tractor in rotary molions (analogous lo
Fig. 84¢, B).

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

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

In delivery by fumbling, only one
zonule gap is crealed and is easily
tamponaded; this facilitates expres-
sion mancuvers. Detivery by sliding
involves the creation of multiple
gaps, which are difiicult to tampon-
ade; this situation favors delivery
predominantly by traction.

Combined extraction and expres-
sion (Fig. 8.17) is in principle a con-
trolled expression in which pressure
serves as the primary motor while
traction is used wnainly for controb.

Extractlon

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

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

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

4 The associated danger of capsute rup-
ture is reduced by swilching to expression
when waming signs appear {folds in the
lens capsule).
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8.2.6 Completing
the Intracapsular Dellvery
alter Inadvertent Capsule Rupture

If the capsule ruptures accidentally
during a ptanned intracapsular ex-
traction, the surgeon may elect (o
leave the capsule in the ¢ye (con-
verting to an extracapsular extrac-
tion), or he may pursue the eriginal
plan of a complete lens removal.

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

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

During extraction of the capside,
forces are no longer fransmitted to
the zenule as a whole since the cap-
sular bag is destroyed (see p. 221).
Thus, the zonular fibers can be
made tense only by applying the
forceps elose to their insertion. Since
the dislance between the forceps
and remaining intact fibers in-
creases as the extraction proce{'ds.
the forceps must be continually
reapplied closer to the fibers to be
divided (tuking alternate grips with
twe pairs of forceps). The applied
forces are optimally utilized by em-
ptoying selective fiber tension
(Fig. 8.22).

b

Fig. 8.19, Grasping the torn capsule (heres
With capsale forceps)

a The free edge of the capsule is grasped
at the rupture sile. Note: The forceps is
held horizontally, i.e., paralkl] to the cap-
sular plane.

b If the foreeps were applied verticatly, as
for grasping an intact lens (see Fig. 8.13),
it vould grasp only by making 2 fold. But
this could cause ruplure of the posterior
capsule or incarceration of vitreous
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Fig. 8,20. Rupture of the capsule on grasg-
ing the lens. The ruplure eceurs at the site
where the extractor (here: Foreeps) is ap-
plied. The capsule remains tense because
the zonule is still intact

Fig. 8.21. Rupture of the capsule on extrae-
tion. If the capsule ruplures during the
cousse of extraction, part of the capsuls
is already within the incision, and the zon-
ule is pariially divided

Fig. 8,22, Extraction of the capsule (here:
With ring forceps)
a If the pull on the capsule is centripetal
{i.e., in line with (he normat course of the
zonul¢ fibexs), a diffuse tension is exerled.
The tension an each fiber is low compared
with the force applied.
b Selective tension (ie., traction applied
at a large angle to (he anatemic course
of the fibers, sea Fig, 2.55) ¢xerts maxi-
mum fension on the fibers that are to be
separated next, while all others fibers re-
main lax,
Mote: The capsule is extracted by taking
alternate grips with two forceps in a
*“hand-over-hand ™ fashion

8.3 Extracapsular Cataract
Operation

The goal of the exteacapsular cata-
ract operation is to remove the con-
tents of the lens bag while presery-
ing the fntegrity of the zonlocapsu-
far membrane. While the intracap-
sular delivery aims at avoiding the
destruction of the anterior hyaloid,
all measures in the extracapsular
delivery are geared toward prevent-
ing lesions of the zonufe and the
posierior lens capsule,

Each step of the procedure weak-
ens the diaphragm separating the
anterior chamber from the vitrecus
chamber, as first the nmuclens and
then the cortex of the fens are re-
moved, finally leaving only the pos-
terior  capsule  behind  (see
Fig. 8.t¢). The ability of the apen
capsular bag to retain its shape de-
pends increasingly on the pressure
differential between the bag and its
surroundings. A high intralenticular
pressure can develop il the outflow
tesistance from the capsular bag is
higher than the outflow resistance
from the adjacent ccular chamber,

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

Fig. 8.23. Space-tactical aspects of extra-
capsular cataract extrzction

a, b Capsular bag as a s¢parate pressure
chamber,

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

b, & Approack through the vitreons.

& Capsular pressure chamber wilh ap-
proach threugh the anterior chamber: The

anterior

- outflow resistance from the capsular bag

is higher than the outflow resistance from

the anterior chamber. Thus he pressure -

within the capsule can rise higher than the
ambient pressure; the bap can be inflated
and will retain its shape (space-tactical
condition for endocapsular technigues).

b Capsular pressure chamber with ap-
proach through the vitreous {e.g. for lens-
ectomy: The epening in the ocular wall
(pars plana}is lamponaded to prevent vil-
reous prolapse. Thus, the opening in the
capsular bag also must be tight il intracap-
sular pressute is to develop relative to ad-
jaceat chambers.

¢ Capsular bag as:part of the anterior
chamber: If the outllow resistance from
the capsular bag is tower than that from
the anterior chamber, the pressures in
both chambers will be cqual {space-acti-
cal condition for “open capsule” tech-
nigues),

d Capsular bag as parl of the vitreous
chamber: If the opening in the capsule is
nol waterlight, |he bag will behave as past
of the vitreous pressure system
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Fig. 8.24. SHdike anterior capsulotemies

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

b If the nucleus is too large, the capsulo-
tomy will tear as the nucleus passes
through. The tear exteads in the original
direction of the capsulotomy, spreading
inlo the zonule or even the postezior cap-
sube.

¢ With a large nucleus, the tear can be
redirected from ihe lens equator (urrows)
by preplacing small, angled cxtensions a1
the ends of the capsulotomy

Tig. 8.25. Circular anterior capsulectomy

a The opening in the anterior capsule
should spare the zonuke attachments o
preserve the integrity of the zonulocapsu-
lar diaphragm (“maximum  allowable
opening™).

b If the nucleus is too large to fit through
an op<ning of maximum allewable size
(“insufficient maximum opening ™), it can-
not be delivered without endangering the
zonulocapsular diaphragm

Fig. 8.26. Circalar capsulectomy: Relaxing
incislons to enlarge an “Insufftelent maxi-
munt opening . dbore: Appearance of {he
anterior capsulectomy before delivery of
a too-large nucleus; befow: After delivery
of the nucieus.

a Tearing atincidental notchesin the mar-
gin of the capsulectomy. The deepest
notch is the weakest point, and the capsule
wilk tear there when the nucleus is deliv-
csed. The random location of this site
means that it may be tactically unfavor-
able.

b Planned relaxing incision at a favorable
location (near the entry site into the ante-
rior chamber). The direction of tear ex-
pansion is confined 10 an area easily moni-
tored from the access site by deliberately
placing a radial incision there exiending
frem the circular capsulectomy.

¢ Dual relaxing incisions create a trap-
doer-like opening in the border of the an-
terior capsule. Becaus: the expansion is
provided by two incisions instead of one,
each of the incisions will undezgo less ad-
ditional tearing during the delivery than
a single incision as in b

8.3.1 Anterior Capsulotomy

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

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

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

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

% 1f applied too superficially, the blade
will tear the capsule rather than divide it.
Tn this case the starting point of the cap-
sule lesion does not coincide with the point
of blade application. If inserted too decp-
ly, the blade will snag the lens contents
and, when moved, wilk cause metion of
the nucleus and cortex. Thus, proper blade
depth is checked by watching for concomi-
tant movements: In cutling neither the
capsule nor lens contents should move
with the blade.
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The forward shifting tendency
causes the incision to become short-
er than the path traveled by the
blade (Fig.38.27). Thus, while the
starting point of the incision is
plainky defined, its end point is not.
if precision requires that the inci-
sion reach a specific point, this can
be done only by starting the cat al
that point or by reapplying the
btade there.

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

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

Tearing the Lens Capsule

In this method the function of the
capsulotomy instrument is to grasp
rather than divide the tissue. The
division is accomptished by sub-
jecting the capsule to excessive ten-
sion. This is the basic feature that
distinguishes  capsulotomies  per-
formed by tearing as opposed to
cutting: the cystitome acts as a
blunt instripnent and is connected to
the capsule in such a way that mo-
tion of the instrument elicils motion
of the capsule,

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

i

v

Fig. 8.27, Capsulotomy by cultlng: Effect
of forward shifting tendency on length of
cul. Left: Motion of the cutting edge;
righr: Resull.

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

b Bffect of forward shifting tendency on
o laterab extension of the capsulotomy:
The lakral extension is considerably
shorter than the path travefed by the cut-
ting edge, because the primary inciston
had made the capsute more [ax than in a.
If the capsule is so lax that it cannot bz
cut at all, the ends of the primary incision
will tear toward the periphery (analogous
to Fig. 8.28¢).

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

Fig. 8,28, Capselotomy by cutting: Fifect
of lateral shifting tendency on direction of
cut, (Hlusteated fos a discission knife.) Red
arrow: Guidance path; hatched line: Pref-
erential path; black arrow: Direction of
resulting cut.

a Culting the capsule with a straight puli-
ing motien: The incision starts at 1he point
where the blade is applied. The guidance
path is congruent with the preferential
path, so the direction of ke incision fol-
lows the path of the cutting edge.

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

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

4 Circular incision made by constanily
realigning the prefereatial path with the
guidance path: The stem musi rotate
{htough 360° fn order te make a circulac
Encision, Given the limited space available,
this is possible only i the stem is very
short, The capsulotome pictured hese (in-
sef) has an extremely short stem connected
to the handle by a swive! joint, The stem
can rolate through a {ull circle even when
the handle has been inserted through a
smiall opening

Anterier Capsulotomy
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Ifig. 8.29. Capsulotomy by tearing

a Initial tear. The cystotome is pressed
against the capsule, this working miotion
serving 1o produce a high frictional resis-
tance between the instrument and capsule
(=grasping). Pulling the cystotome {guid-
ance motion) ingreases 1he tension of the
capsule until i1 gives way. This teasion is
transmitted to the zanule; if that is the
area of teast resistance, the zonule will tear
instead of the capsule.

Note: Because the tear can initiate any-
whera between the attachiment of 1he zon-
ule und 1he site of instrument contact, the
instrument should be applied farther away
from the zenule for tearing than for cut-
ting.

b When ension {red arrow) is applied par-
allel to the capsuie surface, the tear will
extend (black arrow) at right angles to the
ditection of pull (fnser). Thus, a tear run-
ning parallel to the lens border (left) will
net tuen centrpetally when tension is di-
rected toward the center of the capsule,
but will extend laterally toward the zonule.
Tho tear is redirected (righis) by pulling the
capsule parallel to the border of the initial
tear (i.e., at right angles 1o the new direc-
tion in which the tear is ta extend).

¢ If the capsule is reRegted as it is torn
free (fuser), the tear will proceed in the
direction in which the reltected flap is
pulled {left). With this technigque it is easier
to control abrupt direction changes
(center), and it is possible o produce a
cizeatar capsulectomy (right)

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

Thus, it is not pessible to contral
precisely the starting peint, end
peint, or direction of the “blunt*
capsulotomy (Figs. 8.30 and 8.31).
None of these quantities correlate
closely with the position or motion
of the capsulotomy instrument, so
none can be estimated (rom the be-
havior of the instrument.'® Close

* The site of the initial tear depends in
part on the speed of the tearing motion.
The faster the instrument is pulled back,
the greater the lkelihood that the tear will
initiate close to the point where the instru-
ment is applied.

17 Enlargement of a tear in the initial di-
rection must be amicipated when the cap-
sular tension is diffusely increased, as dur-
ing delivery of the nucleus or a sudden
elevation of the vilreous pressure (see
Figs. 8.24 and 3.26).

'® It 3s especially dangerous to attempt to
arasp and fear oft tags of capsule with an
aspiraling cannula. Neither the direction
nor the force of the iraction can be can-
trolled, for the traction is produced nol
just by guidance motions (which can be
controlled by the operator) but also by
the suction in the cannula.
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Fig. 8.30. Triangular capsulectomy by tear-
ing

a Pulling the cystotome back from the ini-
tizl gap creates a tear extending in iwo
diregtions (se¢ Fig. 8.29a), and a lriangu-
lar defect is formed. With ceatinued trac-
tion, there is a preal danger of exiension
into the zonule (urrows).

b ‘This is avoided by redirecting the tears
at the proper point. As this is difficult to
accomplish by tearing atone, it is safer to
cut the comers of the trangle with a
scissors or a small, sharp knife (a knife
is moved toward 1he preexisling tear as
shown in Fig. 8.27¢). Wilh the corners
thus redirected, the igangular Nap can be
pulied towand the center of the pupil.

¢ To enlarge a triangular capsulectomy, it
is nio1 advisable to lear from the cxisting
opening loward the periphery, as this
would risk extension of the iears into the
zonule.

d Instead the cystoteme is reapplied out-
side the capsuleciomy and pulled centripe-
lally toward the exisling capsutar defect

Fig. 8.31. Remaval of capsule fags by tear-
Ing

a If the small tears Manking the lag are
both arignted eadially, traction in any di-
rection, even centripetally (énser), has com-
ponents that would extend the tzars to-
ward the lens equator. Triangular tags ol
this kind are better ot be cemoved by
tearing.'?

b [Fthe end of the tear at the Nap is angled
paraliel te the lens equator, the tay is casi-
Iy removed by cenidipelal traction {se
Fig. 8.29%)

2 A sudden tug toward the center of the
lens would olfer 1he best chance of success
bul is dangerous in this sitvation because
of the peripheral lecation of the tag. A
sudden tug with foerceps, if not suceessful
al first attempt, would tear the capsule
into the zonule.
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i . Angled discission knlves. Angu-
Eltgef;;:dmagn nives behave as sharp in.
strumens only wher pulled backward, as
the cross-section of the blade indicates (be-
{ow). They ar¢ blunt when moved forward

or laterally

visnal monitoriig, then, is essential
when tearing is employed.2® The
surgeon should not only focus his
atiention on the tear and its exten-
sion but should also abserve the rim
of capsule that is left adjacent to
the zonule. Motion of this area sig-
nifies an interference with the cleav-

age process which, if neglected, may

cause damage to the zonule.

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

Methods of Capsulotomy

The difficulties of controtling a cap-
sulotomy performed by cuiting or
tearing are compounded by the fact
that it is often difficuit to predict
whether the capsulotomy instru-
ment will cui or tear the capsule in
a given situation.

Fig. 8.32, Straight disclssfon knife. Straight
discission knives behave as sharp instru-
ments when moved forward as well as lat-
erally. They do not divide tissues when
pulled backward (befaw). Note: If the
cross-seciions of the blads and stem (gray)
are of equal surface, the knife Is suitable
for use in a no-flow system, since it can
be advanced and withdrawn without caus-
ing agueous loss. (see Fig. 2.4b)

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

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

2% Note: Oplical phenomena in 1he under-
Iying cortex may interfere with visual
monitoring of the capsule. They are much
more conspicuons under coaxial illumina-
tion than the subtle changes in the thin,
transparent capsule and may hamper re-
cognition of the capsular border. The lat-
ter is mosi easily identified by injecting
air inte the amterier chamber; as ihis
brings oul reflexes that help define the
slightest ircegularities on the lens surface.

Fig. 8.35, Inserilon of discisslon koives in
a no-flow system. Instruments used in a
no-flow system musi be inserted so that
the cross-seclion of the opening in the an-
terior chamber precisely matches the
crogs-section of the instrement shaft, It is
net sufficient for Lthe blade lo have the
appropriate dimenstons (see diagram in
Fig. 8.32, rop); additionzlly the blade
must be guidad so that it does not enlarge
the oponing. .

a IHscission knives with two culling edges
are advanced precisely along their axis.

b Discission knives with one cutting edge,

are guided along the blunt back of the ™

blade, so they are inserted on & curved
path. Nole the different angle of applica-
tion {comparcd with g): The point is di-
recied obliguely toward the back of the
blade.

€ If the blade were inserted in line with
its own axis, it would be deflected by its
blunt back (dasted line). Any counlerma-
neuvers intended 1o keep the knife en the
desired path (arrow) would produce a high
resistance and deform the wound area

&5

8.36 b

Fig. 8.36. Inserting 2n injection cannula
with an angled tip

a The caenula is applied obliquely for in-
sertion and is not straightened until the
lip is inside the anterior chamber.

b Insertion in a no-flew system. The tip
cuts its own path, so it must behave as
a sharp instrument, The lip is applied per-
pendicularly and is  thrust into the
chamber. Thus, the obliquity of the stem

. on insertion (i.e., the angle a belween the

stem and a perpendiculas to the fissue sur-

face) is determined by the degree of angu- ..

lation of the tip. Note: To reduce the resis-

Fig. .37, Prestavation of capsele tension
by using viscoblockade to maintain pressure
in the capsutar hag. Viscoclastic material
is placed over the capsulotomy 1o keep the

I
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[

tance on inscrtion a preliminary partial
thickness incision may be prepared.

¢ Por inserlion ihravgh a wide incision,
the cannula is held in & “blun1™ position:
The blunt face is leading, and the tip
points away from the chamber. The orifice
is directed toward the anlerior chamber
so that fluid can be infused through the
cannula immediately after caley.

Large arrow: Guiglance direction of can-
nula. !

Sniall array: Direction of Gp (= preferen-
(tial path)

liquafied lens conteats from escaping. Fhis
maintains the sectilily of the capsule and
facilitates visual moniloring for continu-
ing the capsulolomy
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Fig. 8.38. Performing the capsulotomy in
mini-steps. Multiple, separate vapsuloto-
mics of minimal ength eliminate the prob-
lems asseciated with a leng travel path of
discission instcuments. The excision can be
made circular or any shape desired using
the mini-step technigue. The parforaticns
can be placed so close together that a con-
tinuous capsulotomy is obtained (fef7). Al-
ternatively, intact dissue bridges may ini-
tally be Ieft between the perforations so
that capsule tension is maintained along
the whole circumference {right}

Fig. 8.39. Mini-step capsalofomy with an
up-and-down action of an angled cannula
tip. The cannula cystitome is benl as
shown in Fig. 8.34. The amplitude of the
downstroke is necessarily small dus to
space limitations. Whether thisis adequate
to perforate the capsule depends on
“sharpness,”” i.0., on Lhe cutting ability of
the instrument 2nd the sectility of the cap-
sule {capsizlar tension). The resistance to
perforation of the capsule also depends on
the condition of the cortex. If the surgeon
attempls to compensate for poor sharp-
ness by increasing the amplitude of the up-
and-down motion, tension will be excried
on the zonule

Fig. 840, Mini-step capsulotomy by axlal
rotation of the cannufa. Placing the blunt
side of the cannla Lip onto the capsuls
preduces friction that helps hold the cap-
sule in place and improves its sectility (in-
sel, fef1). As long as just the pointed tip
of the cannula penetrates the capsule, a
cualting effeet is achieved, But if the cannu-
la is ratated fucther, ihe capsule is acted
upon by the blunter sides of the bent tip,
and a tearing action may result {inset,
right)

when an extremely sharp cystotome
is used.

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

ters whether the tissue is cut or torn
(Fig. 8.38). The “mini-slep™ capsu-
lotomy can solve the problem of di-
minishing capsule tension by leav-
ing intact tissue bridges between the
petforations that outline the piece
of capsule to be removed. The indi-
vidual cuts are then joined together
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Fig. 8.41, Minl-step capsulotomy with a
lateral sweeping motion of the cannula tip.
The lip behaves as a sharp instrument
when moved laterally, so small incisions
are produced. Cutting foward the center
of the capsule (f, 3) places siress on the
zonuly, but if the zonule is sufliciently re-
sistani, tension adequate for the capsulo-
tomy exists arcund 1he whole circumfer-
cuce of the lens. Cutting away from the
center of the capsule (2) relieves steess on
the zonule, but the 1ension Tor the cutting
action dwindles as the capsulelomy pro-
ceeds. This places greater dentands on the
culting ability of the insirument,

Note: Long incisions usually cannof be
made because of diminishing capsule ten-
sion, That is why multiple small incisions
arc preferred even along the upper and
lower circumference of the capsulotomy,
where theasetically longsr incisions could
be made. Note the sequence of the mini-
culs in the diageam on the right!

Fig. 8.42, Miol-step capsalotomy with for-
ward and backward molions of the cannula,
The cannvba tip behaves as a Blunt insiru-
ment, producing triangular perferations.
Note: In the lateral perferations, there is
a danger of tearing into the zonule (urrows
in the diagram on the right)

Fig. 8.43, Mirl-step capsslotomy with radi-
al peelorations of the capsele. When radial
guidance motions are used, the cannula
cuts the lateral portions of the capsule
while learing the upper and lower partions

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

Low sectility can be compensated
for by using fast, jabbing motions
of the cystitome, Control problems
are¢ managed by kecping the ampli-
tude of the molions very small. This
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Fig. 8.44. Antesfor capsulectomy with for-
ceps

a The foroeps jaws tear out the tissue that
is gripped between themt.

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

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

Fig. 8.45. Anterior capsulectomy with
microscissors

a, b When introduced throughk a small ac-
cess opening, one microscissors with a 45°
angulation can make a diamond-shaped
capsulectomy. Two parallel incisions are
made with the scissors held one way (a),
then the instrument is tucned over to make
the two remaining incisions (b).

¢ YWhen greater acgess is available, a ciccu-
lar capsulectomy can be made by culting
half the circle (solfid find), turning the
scissors over, and cuiting the remaining
half (broken Iine)

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

Toothed capsule forceps automat-
ically tense the capsule upon clo-
sure (Fig. 8.44). Contro! is difficult,
however, because the area of jaw
contact and thus the pressure on the
capsule are difficull 1o define.
Therefore one canaot  predict
whether the forceps will exer a cut-
fing or tearing action in a given sit-
uation, and whether the capsule or
the zomule is more likely to give
way.

A very precise instrument for
capsulotomies is the microscissors
(Fig. 8.45). DBecause each blade
meels an opposing surface, scissors
can always cut without tearing, re-
gardless of the capsule tension. Mi-
croscissors are especially indicated
when tearing must be avoided, e.g.,
when the resistance aof the zonule
is presumed to be low?! or an
abrupt change of direclion is re-
quired. *?

8.3.2 Delivery of the Nucleus

The mancuvers for delivering the
nucleus, like those for remaving the
enlire lens, consist of mobilization
(nucleolysis), afighmtent, and foco-
motion. However, many more tech-
nical variations are possible in de-
livery of the nucleus due to the

great variability in the size, com<

paciness, and suwrface characteris-
tics of the nucleus and the stress tol-
erance of the diaphragm. Basically
the nucteus is more difTicult to
grasp than the intact lens, and its
surface is rougher. On the one
hand, this means that the external
resistances (friction) are higher, so
greater forces may be needed to ef-
fect the delivery; on the other, the
internal resistances (compaciness)
are lower, so the direct application
of forces to the nucleus is less effi-

cient. Locally applied forces (e.g.,
kooks, forceps, or cryoprobes) act
upen the whole nucfeus only if its
internal resistance to dissociation is
greater than the external, frictional
resistance to motion of the nucteus.
This means that control of the de-
livery not only involves controlling
the force applied to the nucleus but
is especially concerned with reduc-
ing frictional resistauce at the sur-
face of the nucleys. *?

Nucleolysis

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

Delivery of the .nucleus is in-
fluenced not only by the properties
of the nucleus but also by the prop-
erties of the cortex. I motion of the
nucleus exerts pressure on the cor-
tex, the cortex will act as a cushion
aver the fens capsule. A thin or
noncompliant cortex increases the

danger of capsular damage when’

the nucleus is mgyed. A thick, com-
pressible cortex enhances the safely
of the nucleolysis, but all motions
must be performed slowly enough
to allow. sifficient time for any
compression or yielding of the cor-
tex to occur.

If mation of the nucleus exerts
traction on the cortex, remaining
tissue attachnients may transmit the
forces to sufrounding struclures
(capsule, zomule), The inherent
dangers decrease as the nucleolysis
proceeds, The surgeon confirms

I
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completion of the nucleolysis by
noting that motion of the nucleus
no longer elicits motion of the cor-
tex or capsule. 2*

The force needed to mobilize the
nucleus depends on the ease with
which the attachments between the
nucleus and cortex can be divided.
This in turn depends on the differ-
ence in consistency between the

_ part 1o be removed and the part

that is to remain. If the consistency
difference is large, applied forces
will act ocally at the plane of sepa-
ration. But if the nucleus has a soft
consistency similar to the corlex,
the effects will be distributed evenly
over a large tissue volume, and sub-
stantial force must be used to ob-
tain a local separation (Fig. 8.46).
The direction of motion of the
nucleus can be precisely controlled
by the direct, localized application
of forces, Using lateral motions to
effect nucleolysis alters the volume
distribution inside the capsular bag,.
Because some parts of the cortex
are stretched and others are com-
pressed, the amplitude of ihe fateral
motion is limited by the compliance
of the cortex (Fig. 8.47a). By con-
trast, rasation of the nucleus does
not affect the cortical topography.
An “infinite” excursion is possible.

2

L After a prior vitreclomy or when there

. is risk of subluxaticn {e.g., ir pscudoesfo-

liation syndrome or after trauma).

22 Abrupt direction changes must be made
when a tear threatens 1o spread into
danger zones and a sharp-angle coume
correction is reguired, Bxamgples are trian-
gular flaps that tear iuto the zonule (see
Fig. 8.30b) and paciially divided tags of
capsule {see Fig. 8.31b).

1 f.g., by enlarging the capsuloteiny, en-
larging the pupil (see Figs. 7.36-7.38), ex-
tending be corneal incisien, vsing alides
to avoid entanglement with obstructions,
or by reducing friction with viscoelastic
labricants.

#* Thus, the safety of the nucleolysis is
moenitored by  watching the capsule
border. Any concemilant motion signifies
possible force transfer to the zonule.




250 Cperations on the Lens

Fig. 8.46. Nucleolysis by the indirect appli-
cation of Torces

a Expression of a well-demarcated nucle-
us with a much harder consistency than
the corlex (tep). IT the posterior capsula
is driven forward and deformed by a rise
of pressure in the vitreous, it will produce
a similar deformatien of the cortex. The
hard nucleus is not deformed, however,
and the geometric discrepancy between the
nucleus and cortex leads te rupture of the
connections (bottom).

b Hxpression of a soft nueleus baving a
consistengy similar to that of the corlex
(tep). The nucleus also deforms in re-
sponse to deformation of the cortex. As
a reslt, tension on fhe connections is
spread over muitiple layers, and the ten-
sion in any one layer is insufficicat Lo ef-

fect fiber rupture (center). The deforma-*

lion must be markedly jncreased (i.c., the
vilreous pressure must be further jn-
ereased) 1o produce the critical tension
necessary for rupture of the connections
{botton)

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

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

Nucleolysis by expression is al-
ways combined with Jfecomotion.
The cortex is simultancously loos-
ened, facilitating subsequent corti-
colysis. The maneuver always af.
fects u large ambient tissue volume
due to the general pressure rise in
the  vitrcous  chamber  (see
Fig. 1.42). The maximum attain-

able pressure level depends on the
resistance of the zonulocapsular di-
aphragm, whose integrity is an es-
sealial prerequisite for nucleotysis
by expression. ?®

*5 This method is contraindicated if the
zonule has been weakened as a result of
iraumz, pseudocxfoliation, or previous vi-
trectomy close to the zonule.

Fig. 8.47. Nucleolysis by the direct apptica-
tion of forces. Top: Cross-section thzough
the nucleus; cenater: Top view of the nucle-
us; bortom:; Diagram of motion.

a Lateral motien: The necleus is engaged
with a ¢ystitome whose blade offers the
highest resistance when moved faterally
{i.e.,, whose lareral surfaces are blunl, see
inset). The lateral motion of the nuckus
ruptures the conneclions beiween the nu-
cleus and cortex on one side; on the oppo-
site side pressure is exerted en the cortex,
which is either compressed or pushed
aside. Botrom: ‘Fhe atc of a swiveling no-
tion about a pivot at the eniry site (red
arrow) is nearly congruent with the direc-
tion of the lateral shift of the nucleus it
should produce.

b Rotation: The nucleus is engaged with
the bent tips of infusion cannutas that act
as blunt instruments when adranced or
withdrawn (sce ifnset), and the nuclews is
rotated (o rupture its corticat atiachments.
Tension is exerted all over the cortex, but
no pressure. The volume distribution with-
in the capsular bag remains unchanged.
Bottem: A swiveling motion of the cysti-
tfome produces a rotfational movement
about the entry site, but ihe true goal of
the mancuver is rofation aboul the center
of the nucleus {which has a much smaller
radius). The arcs of both movements coin-
cide for only a short distance (A). There-
fore, rofation with only one cystitome
should be done in very short increments,
since larger movements would place undue
stress on ¢ zonule. Mainlaining the axis
of rolaticn at the center of the nucleus
is made easier by 1he simullanzous use of
two cystitemes

Delivery of the Nuckeus
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Fig. 8.48. Nucleolysis by hydrodissection,
basic technique.

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

b Longitudinal section. The pressure that
can be produced in the pressure chamber
is limiled by the quality of the seat around
the cannula, This depends largely on the
size of the capsule opening, the ability of
the gortical substance to form a seat
around the cannula, and the length of cor-
lex traversed by the cannula (4). As pres-
sure builds up jn the newly created
intralenticular pressure chamber, it com-
presses the corlex and presses it against
the capsuls

Fig. 8,49, Nudeolysls by hydrodisseciion,
practical application.

a Cross-section. Left: The cannula open-
ing faces latecally in the target layer so
that the fluid can spread along the lens
fibees, Inser: For injection toward the op-
posile side, the cannula is tumed (1) and
pressed tightly against the fibers on that
side (2). Right: This allows fluid to drain
from 1he proviously imjected chamber,
Meanwhile a new seal is established
around the cannula for the second injec-

tien, inceeasing the cutflow resistance sd-

that a new pressure chamber can form.

b If, in contrast to a, the cannula were
inserted superficially with its opening fac-
ing the capsule, hydrodissection would ef-
fect a corticolysis instead of nucleolysis®?

The effects of hydrodissection, by
contrast, are condined Lo the capsu-
lar bag. The injected fluid creates
an ardificial pressure chantber be-
tween the nucleus and cortex, which
tuptures the conmections through
its expansion (Fig. 8.48a). The
maxinwm attainable pressure level is
limited by the resistance of the cap-
sule alone. ?® This factor also limits
the volume of fluid that can be in-
jected. It may be necessary {o re-
move fluid from spaces alrcady
created before more fluid can be in-
jected into new regions (Fig. 8.49).
The pressure level attainable in prac-
tice depends on the outflow resis-
tance, i.e., on the quality of the seal
around the injection cannula
(Fig. 8.48b). The injection of sea-
tery fluid for hydrodissection ex-
pands the interspaces among the
lens fibers and merely loosens the
mucleus, requiring that other means
be used to complete the nucleoly-
5i5. %% A complete and continnous
corticonuclear interspace can be
formed by the injection of viscoelas-
tic material. *®

A major difference between nu-
cleolysis by hydrodissection and the
other metheds is that hydrodissec-
tion does not loesen the coartex, but
presses it firmly against the capsule.
As a result, the cortex can pose an
additional obstacle to subsequeat
delivery of the nucleus untess a pre-

- liminary “corticotomy™ is carried

out,

L
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Aligning the Nucleus for Detivery

Whereas the proper lens alignment
for an intracapsular delivery is de-
termined by the location of gaps in
the zonule, the optimum alignment
of the nucleus in an extracapsular
delivery is determined largely by the
Jrictional resistances between the
rough nucleus, the adjacent tissue
surfaces, the pupil margin, and the
incision. The raticnale for minimiz-
ing these resislances is o increase
the mobility of the nucleus, thereby
reducing the force needed for ifs de-
livery.

*¢ The condition of the zonule is icretevant
in this method. Hydsodissection is appro-
priate for the foregoing cases where ex-
pression would be contraindicated.

2 This achieves the opposite of the
planoed nucleolysis, which aims at sepa-
rating the nucteud from the corlex 1o facili-
tate the delivery. Instead, it js likely thal
the cortex will come away with the nucleus
when the delivery is attempted, and the

Jlarger volume wilt compound the difficuity

of negetiating the capsulotomy, pupil, and
coraeal ineisicn.

28 Nucleolysis by hydrodissection is niost
efficient if cembined with simultaneous lo-
comelion so that the nucleus can move
forward while being looscned. I this is im-
possible, as in endocapsular procedures,
hydrodisseclion is less effeciive.

2 The reflux resistance of viscoclastic ma-
terfal being very high, there is a danger
ol excessive capsular tension and ruplure
during injection. This can ba reduced by
initiating the hydrodissection with watery
fluid, allowing the fluid to drain, and then
separating {he remaining fiber attach-
ments with visceetastic material.
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Fig. 8.52. Delivery of the nuclens by sliding
with edevation of {he corneal lip

a The lower expressor (A) performs an
aligning function by restricling upward
metion of the infevior pole of the nucleus.
‘The upper depresser {F) is applied 1o the
sclera and raises the vitreous pressure.

Fig. 8.50. Locemotive and aligning function
of expressors. Depressers applied to the
limbocorneal area serve mainly to align
() the emerging nucleus, while depressors
applied more posteriorly to the sclera (P)
exert pressure on the vitreous chamber
{sec Fig. 1.42¢) and mainly support loco-
mation of the nucleus

Fig. 8.51. Tumbling the nucleus for delivery
by expression

a The lecomotor depressor P Is placed in-
[etiorly on the sclera so that it does not
kinder the tumbling maneuver. Superdorly
the aligning depressor A is applied to the
limbocormeal zone 10 restrict upward
mavemen? of the superior pole of the nu-
cleus.

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

B While the superior pole of the nucleus
is upmaised, it glides tangentially past the
undersurface of the iris; but in contrast
to 1%g. 8.51, il is direeted toward the icis.
The rough upper surface of the nucteus
faces the comeal hinge fofd. The fonger
the nwctens glides past this fold (i.e., the
smalier the corneosceral incision and
hence the closer ihe hinge fold is o the su-
perior limbus), the greater the risk ol endo-
thelial injury (see also Fig. 5,20 and 5.21)
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Fig. 8.53. Pelivery of the nuckus by sliding
with depression of the lower lip of the corne-
al wound

a Both depressors are applied at the lower
woind lip. One depressor (A) is applied
close to the limbus and depresses the lower
corneal wound lip to align the nucleus, A
second depressor applied Lo the sclers (P)
serves Lo regulate the pressire,

b The nucleus is expelted horizontally. If
the pupil is not wide enough it enpages
direcily againsi the postesior sutface of the
iris (inset). The resislance there is over-
come either by retracting the iris with 2
smatl hook or by switching momentarily
to the technique in Fig. 8.52, i.c., depress-
ing the inferior pole of the nucleus to raise
ihe superior pole (see also Fig. 8.59d)

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

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

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

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

The alignment of the nucleus can
be controlled directly in extruction.
In expression it is controlted indi-
rectly by increasing or decreasing
the resistance along specific paths.
Thus, the instruments used in the
expression serve two functions: to
supply the forces necessary for lo-
comotion, and to control the direc-
tien of lens motion. Which effect
is predeminant depends on the site
of instrument application (Fig.
8.50).

With regard 1o the choice of
alignment in a given case, the -

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

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

¥ The anterior side of the nucleus may
ba rough from the previcus manipula-
tions. But the postedor side has just been
detached from the cortex and has a
smoother surface.
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Locomotion

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

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

part of the wall of the compart-
ment, so movements raise space-
tactical problems that require the
proper coordination of pressure
and resistance. Forces no longer act
just on the nutleus, but in all por-
tions of the compartment. Both
phases may occur in a sequential,
alternating fashion (Fig. 8.54).

In locomation by extraction, the
nucleus is grasped with focally ap-
plfed instriments such as hooks, for-
ceps, suction cups, or cryoprobes.
Extraction is easily accomplished
through open spaces even with a
nucleus of [ow compactness. But
extraction through narrow open-
ings may produce a regative pres-
sure in the chamber frem which the
nucleus emerges. This vacaum in-
creases the resistance to locoimation
through the narrowing, in which

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

a Schematic representation of the delivery
path frem the pressure chamber of the
capsular bag (P} through the capsulo-
tomy (R} into the retrepupillacy pressure
chamber (P,), threugh the pupil (R)) into
the anterjor pressure chamber (P,), and
thsough 1he ifcision (R,) to the outsida
into the “almospheric pressure chamber*'
{Puu=0).

b When there are narrow copeningg along
the path of the delivery, phases of low
pressure will alternate with phases of high-
€7 pressuze. Locomotion through narrow
passages is driven by the pressure gra-
dienls belween the vitreous space, anterior
chamber, and the outside cnvironmeni.
For locomolien through open spaces,
other forces (i.c., extractors) musi act on
1he nucleus to move it forward.

© When the openings along the delivery
path are large, alt locomotion involves a
“pressurcless” passage through open
spaces

P,=P,=0
AP, =P, —P,=P,

caps

Fig. 8.56. Siresses on ihe posterior lens
capsule {n the various phases of expression.
Top row: High-pressure phases through
narrow openings; the posferior capsule
(L. C) is not exposed to a pressuse diffec-
ential. Bottom row: Low-pressure phases
through open spaces; the pesterior capsule
is exposed to a lasge pressure diffecential.

& Nucleus in the capsular bag.

b Passage of the nucleus threugh the cap-
sulotomy. .

¢ Mucleus in the fetropupillary chamber.
¢ Passage through the pupil.

A
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Fig. 8.55. Space-tactical aspects of delivery
by expression. The pressure in the vitreous
chambes (P,) is bigher than the pressure
in the anterior chambes (P).

a If the capsulotomy or capsulectomy is
large, the cutflow resistance from the cap-
sular bag (which behaves here as a precap-
sular chamber) is zero, and the pressure
in the precapsular chamber (P,) equals ihe
pressure in the anterior chamber P, (when
the anterior chamber is opea, it equals the
outside pressure P,=0}. Thus, the pres-

.sure in the space in front of the posterior

lens capsvle is P,, and P, behind i1; the
posterior capsule is expased to the full ef-
fect of the pressure differential.

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

avs

4 R AP >0

¢ Niucleus in the anterior chamber.
f Passage Lhrough the corneal incision.

g Compliion of locomotion. The aucleus
is now oulside the eye




258 Operalions on the Lens

B <P,

Fig. 8.57. Space-tactical aspects of Irriga-
tion for expulsion of {he nueleus. The pres-
sure in the anterior chamber (P,) during
irrigation is greater than that in the eayi-
ronment and greater than or equal 1o that
in the vitreous chamber (P,).

a, b Injeclion into the capsular bag.
¢, d Injection into Lhe anicrior chamber.

& Injection into the capsular bay through
a small capsulotomy; The pressure in the
capsular bag (P} can exceed that in the
anterior chamber (P,).

b Injection into the capswlar bag through
a large capsulotemy: P, equals P,.

¢ Injection into the anterior chamber with
a small capsulatomy: P, exceeds P, ant
the capsular bag collapses.

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

case the nucleus must be yery com-
pact for an extraction to succeed.

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

The danger poscd to the pasterior
lens capsule by this maneuver de-
pends on the pressure difference be-
tween the space in front of the pos-
terior lens capsule (“precapsular
chamber systen™)3? and the space

Pe=p,

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

L This is analogons to spilling out a
cherry pil. In the low-resistance phase the
pit is carried through 1he open oral cavity
to the lips with the longue; it may then
be released with slight force if the lips are
separated (f.e., if the diameter of the aper-
ture is farger than the pit). Conversely, a
high-resistance phase is produced by
pressing the lips tightly together. Now the
iongue plays no rols in expulsion of the
pit, which is ¢flected by a high pressure
within the oral cavity.

32 The cntite pressure syslem governing
the pressure in (ront of the posterior cap-
sule is termed the “precapsular chamber.*”
Depending on the resistances at the capsu-
Iotomy, the puptl, and the cornenscleral
incision, the precapsular chamber may
comprise the capsular bag, the retropupil-
lary chamber, the anterior chamber, or the
extraocular almosphera.

(Fig. 8.55). The two létomotive
phases differ in this regard: The
precapsular chamber belongs to the
pressure system of the anterior
chamber while the nucleus is pass-
ing through open spaces, but it be-
longs to the witreons pressure sys-
fem  while the nucleus passes
through narrow openings.

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

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

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

In expulsion, focomation of the
nucleus is accomplished by fluid in-
Jjection (Fig. 8.57). When the nucle-
us moves through an open space,

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

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

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

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

The examples in Figs, 8.58-8.60
iHlustrale extracapsular delivery by
pure expression, pure extraction,
and mixed techniques.

33 The *“pressure test” is an impertant
monilerng aid for 1he instrucling surgeon
assisting a novice. By applying a palpating
instrument to the sclera, the surgeon can
detect the pressure rise, recopnize that
danger exists, and give appropriale in-
struction.

* 1.z, by extending the capsulotomy, en-
larging the pupil (see Figs. 7.36-7.38), or
enlarging the corneal incision.

¥ Eddy currents are most apt o form
when a narrow-gauge canoula is used. A
high inflow rate is then needed 1o develop
a sufficient pressure, and this implies high
flow velocities.
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Fig. 8.58. Extraction of the nueleus using
twa infuslon cannubas with angled tips

a Introduction of the insirumenis: The
cannulas are passed into the anierior
chamber at the ceater of the incision and
are guided from there in divergent direc-
tions. The tips face laterally with the bluat
ends leading until the nucleus is reached
(see also Fig. 8.36c). There the tips are
turned dovwnward,

b The sharp tips are hooked info the mid-
pesiphery.of the nucleus, which is mobi-
lized by rotation aboul ils vertical axis {see
Fig. 8.2d).

¢ The right pole is delivered into the ante-
rior chamber by tipping the nucleus about
a transverse axis. For this the left hook
is pressed downward stightly, while the
right hook moves upward with 1he oppo-
site pole.

d Once tke right pole has crossed the iris
plane, the nucleus s shifled 1o the right
untit ihe 1l hook is at the center of the
pupil.

e At this poini the left hook functions pas-
sively as an eccentric pivot for wheeling
the nucleus out of the eye with the right
hock.

f Review of the extraction maneuvers.
The fetters correspond to the figure labels
and designate the rotational axes and lat-
eral shifls of the various phases.

Hooks in black: Aclive force transmitiers
Hooks In white: Passive hooks

I
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Fig. 8.59. Expression of the nucleus using
two forceps. The nucleus is aligned and ex-
pelled by manipulations at the superior
limbus (s¢e also Fig. 8.53).

& Twe forceps placed at the lower lip of
the incision control the size of the opening
and adjust the resistance to passage of the
nucleus.

b Pressure on the lewer wound margin
clears the way for a straight, horizontal
expulsion of the nucleus. In this phase
both instruments perform an aligoing

- function.

¢ Locometion is effected by angling the
foreeps downward and pressing their
broad surface against the sclera, which
ihen is indented behind the level of the
diaphragm {se¢ Fig. 8.53a),

d If the nucleus snags on the iris during
the expulsion, ene forceps is left in place
te maintain the position of the lens by
mainizining pressuce. The other forceps
clears the obstruction directly by stroking
the icis of the superior pole of the nucleus
{{zft} or indirectly by indenting the sclera
at the infecier limbus te raise the pele of
the nucleus so that it can glide past the
undersurface of the iris (right) (see also
Fig. §.52b)
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Fig. 8.60. Comblned expression and extrae-
tlon techniques (with 4 lens loep)

a Differeal types of loop serve different
functions: Left: Smooth loop as a glide
for a nucleus delivered by expression;
Center: Serrated loop with back-angled
tecth for extraction; Righe: Terigating loop
for expulsion.

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

b Insertion of the leop inte the eye. The
front end of the loop is inserted so that
it dees not block upward motion of the
superior pole of the nucleus.

¢ Thelower lip ef the incision is depressed
with the loop 1o initiate the expression.
The superior pole of the nucleus glides
onfo the leap, which serves both an align-
ing and a locomotive function {analogous
to the forceps in Fig, £.59¢).

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

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

e Bxtraclion. The nucleus is expressed un-
til the tecth of the serrated loop can en-
gage ils posterior surface. Theloop is then
withdrawn, extracting 1be nucleus.

f Expulsion. The irrigating loep is imme-
bile and maictains depression of the
wound margin, white fuid is injected to
raise 1he pressuce in the antedor chamber
and expel the nucleus. Note: If expulsion
is done through a small capsulotomy (as
in Fig. 8.57a), the capsular bag will func-
tion as the expelling pressure chamber. Be-
cause the volume of the bag is small and
the eesistance at the capsulotomy is rela-
tively high, 1he volume and pressure of the
injection required for expulsicn are
smalter than with a large capsute opening
{as in Fig. 8.57b)

8.3.3 Phaceemulsification

In phacoemulsification the sub-
stance of the lens nucleus is broken
up into very small particles and re-
moved by aspiration. A phacoemul-
silying instrument must perform
three functions (Fig. 8.61a): frag-
mentation of the matedial (uitrason-
i vibration), removal of the materi-
al (aspiration), and replacement of
the aspirated volume (infiesion).

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

Cooling requircments at the site
of action demand that the fluid be
infused as elose to the ultrasonic tip
as possible. Consequently the cross-
section of the emulsifier is entarged
Just behind the tip by the extra
cross-section of the infusion line.
The trailing part of the instrument
is correspondingly thicker than the
channel cut inte the substance of
the nucleus, and the depth of pene-
tration is limited by the distance of
the infusion sleeve from the tip
{Fig. 8.61).

If the nuclear material is to be
emulsified eflectively, it must not be
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pushed’ aside by the vibrating tip,
i.e., it must be affixed to the tip.
‘There are two basic methods of ac-
complishing this fixation: by inertia
of the nucleus (with aspiration i1
Jflow) and by suction (with aspira-
tion by oeclusion) (see Fig. 2.26).

& in a controlled-flow system, infusion
ceases when the aspirating pert is ob-
structed. Unplanned occlusion during as-
piration means the loss of cooling capaci-
ty. The danger of tissue overcheating dur-
ing ultrasonic vibration, and thus the ceol-
ing requicements, depend on the power of
the vibrations.
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Emulsification by Aspiration in Flow

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

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

Immobility of the lens nucleus is
the criterion for the contral of pha-
coemulsification in flow. The power
of the vibrations should be high
enough {o pravide efficient entulsi-
fication but low enough to avoid
shaking the endire nucleus, Due to
cancomitant movements of the nu.
cleus, excessive vibration will not
improve efficacy and may cause un-
desired transmission of mwotion to
surrounding tissues. Therefore as
the mass of the nucleus decreases,
the power of the vibrations should
be reduced.

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

The shape of the instrument tip
for aspiration in flow is not a criti-
cal factor during application of the
tip 1o the nucleus, For the subse-
quent enulsification phase, how-

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

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

En terms of spatial tactles, a fluid
stream nust flow threughout ke
emulsification in flow. The pressure
fevel in the anterior chamber, as de-
termined by the flowthrough pa-
rameters (see Fig. 2.26b), lies be-
tween the initial and terminal pres-
sures. The pressure difference be-
tween the chamber and aspiration
port is very small (Fig. 8.66d).
Since the fluid flow is continuous,
adeguate tip cooling does not rely
on a special oulftow path for the
cooling ftuid (Fig. 8.60e, Fig. 8.67).

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

Emulsification by Occlusion

In emulsification by occlusion, the
instrument tip is applied to the nu-
cleus in a way (hat occludes the as-
piration port. Confrol aims at main-
taining this cecclusion throughout
the emulsification (Fig. 8.64). The
shape of the tip is critical, for it
should conform to the surface of
the mucleus to be emulsified (see
Fig. 8.66a). Otherwise there will ei-
ther be no ccclusion if the nucleus
is immobile, or a mobile nucleus
will abruptly ¢change its orientation
in an unpredictable way and dam-
age adjacent tissues, However, if the
nuclear geometry is unfavorable,
the ultrasonic vibrator can be used

~ to create occludability, ie., to cut

the site of application (in an initial
burst of aspiration in flow) to a
suitable shape that will permit oc-
clusion without reorientation of the
nucleus (Fig. 8.64 b).

Oace occlusion has been estab-
lished, suction plays the predomi-
nant role, The procedure of enulsi-
fication by occlusion is basically an
aspiration in which ultrasonic vi-
bration merely serves the adjunctive
purpose of creating or maintaining
the occlusion. The fip can be held
statipnary and the emulsification ail-
lowed 1o proceed by motion of the
wnclews, This is an important safety
factor, for it avoids any motion vec-
tors directed toward surrounding
tissues (Fig. 8.65b). Occlusion of ihe
tip opening also prevents inadver-
tent aspiration of adjacent tissues
and the projection of emulsified
lens particles toward delicate struc-
tures (Fig. 8.65¢, d).

In terins of spatinl tactics, the
situation is stable due to the ab-
sence of an  aspiraling  siream

37 Deficate fissues like the corneal endo-
thelium can be protected from particle
bombardment by surfzee-tactical mea-
sures {e.g., protective coating of viscous
or viscoelastic material).

I
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Fig. §.61, Deslga of a phacoemulsifier with
infusfon and aspiration

a The central lube serves as the aspiration
channel (4) and as the ultrasonic tip (L5},
it is surrounded by a sleeve (S) through
which fluid is infused. Its front opening
s¢rves mainly to cool Lhe vibrating tip,
while the side openings 2dd volume for
space-tactical stabilization. If one of the
op<nings becomes obsirucied by tissue,
the other will ensure maintenance of the
infusion.

b The distance of the infusion poris (J)
from the vibrating tip {D,} delermines
how far the instrument can be withdrawn
from the chamber without compromising
its spatial stabitization (j.c., the minimum
distance from the access opening at which
cmulsification can still be performed). The
distance D, between the end of the infu-
slon sleeve and the tip determines how far
1he instrument can penetrale indo the hole
cut by the tip (i.c., the maximum penetra-
tion depth into the tissue)

Fig. 8.62. Shape of the instrument tip

a A blunt ip applied at a given angle {&)
and given depth of penstration () experi-
encas greater luminal obsiruction (L) than
a sharply beveled tip. Thus, it Is casier to
establish occlusion with a blunt tip (fef?),
and easier to keep the aspiration porl clear
with a beveled tip (right).

b Visual monitering of the working area:
A blunt tip obscures vision of the fip cpen-
ing and base of the tissue groove when
viewed from above (arron). A beveled tip
[acilitates visual observation
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Fig. 8.63. Phacoemulsification by aspira-
tion in flow.

Left: Sequence of steps in procedure;
right: Instrument motions and switch po-
silions during procedure; Af: Guidance
molions; A: Aspiration; US: Ulirasonic
vibration; nwmbers: Positions of foot-
switch, 3

a Seeking the site of application: The in-
strument tip is brought close 1o the site
of efection for beginning the emulsilica-
tion but does not yet touch the nucleus.
Monitoring &t this stage aims at space-
tactical slabilizatlion and thus involves reg-
ulation of the infusion and 1he size of 1he
outflow opening from the anterior
chamber (se¢ Fig. 1.4). Aspiration and yi-
bration are not aclivated. The site of con-
tacl with the nucleus is chosen so that the
tip can be applicd without becoming oc-
ctuded. ,

b Engagement. The tip Is applied to the
nuckeus while 4 and U8 are simultanecus-
ly activated. The tip begins to cut a groove
into the substaace of the nuclews. Note:
Al least half the lumen ({2 L) should re-
main efear to avold occtuston.

¢ Peeling. The tip is guided over the nucle-
us, moving parallel to its surface (i.c., at
a constant lissue depth). The progress of
the emulsification is determined entirely
by the direction in which the tip is moved.
The direction in which the epening faces
is of na significance, aside from the stipu-
lation that approximately half the fumen
remains clear. Note: A and U5 must al-
ways be activated while the moving tip is
i contact with the nucleus; otherwise the
tip will displace the nucleus without cut-
ting it. Conversely, 4 and /8 should not
be activated unless the tip is moving, since
this will have ne peeling effect and will
increase the risk of unplanned occlusion.
d Deepening the cmulsification. The tip is
lifted away from the auvcteus (4 and US
turned "offl) and moved back before re-
peating the scaling mancuver. The end of
the excavation is “*terraced™ to reduce the
risk of vnintended occlusion,

Note: In phacoemulsificaiion in flow only
footswitch positions £ and 3 are wsed

8 [n most current systems position | is
infusion only, position 2 §s infusion plus
aspiration, and position 3 3s infusion, aspi-
ratien, and ullrasenic vibration.

W o= L = )

M A US
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Fig. 8.64. Phacocmulsification with aspira-
tton by occlusion. Left: Instrument mo-
tions and switch posilions. Right: Se-
quence of steps in procedure,

a Seeking occlusion: The instrument tip is
moved into position with 4 and US
switched ofT {foolswitch position f). A sile
is stlecled on he nuclear surface where
ccclusion can be established as soon as
the tip is applied.

b Engagement, IF the nucleus cacnotl be
cagaged right away, occludability must be
established by a short burst of emulsifica-
tiea in ow. The instrument with the al-
fixed nucleus is then shifted into a region
where there is adequalte clearance 10 pro-
ceed wilh emulsification by occlusion
(2/1). Only aspiration is switched on dur-
ing this maneuver to keep ihe nucleus ad-
hereol 10 the lip {footswitch position 2},

¢ Emuisification. The instrument is held
staticnary while aspiration is zclivated
and assisted by short bursts of vibration.
If its substance is deformable, the enlire
nucleus can be emulsified in this way {f2/1).
if the material is nondeformable, motion
of the nucleus toward the lip, openring will
be checked by the steeve {right).

d Continuing the emulsification of nonde-
fermable material. The tip-is moved back
{with A and US switched off) and reap-
plied at an adjacent site so that the excava-
tion is progressively decpened.

¢ Fnd of the eninlsification. When the par-
ticle as become so small that its sides be-
gin to sepasale shead of the steove, the
entulsification can be completed using the
technique for deformable material {c, fe/f).

Note: In phacoemulsification by ocelusion
feotswitch position 2 plays an important
role
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[a] =

8.69 b

Fig. 8.67. Spatial tactics for phacoemulsifi-
cation in ftow: A continuous siream of lhe
cooling fluid is maintained through the
open aspiration cannuta. There is no need
for an accessory oullet. Therefore, the ac-
cess opening can remain waterdight during
emulsification.

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

a During occlusion he cooling flow is
maintainad througk an accessory oullet,
(c.g., 4 leaking access opening).

b As the occluding particle has passed
qmmugh the aspiratiod cannula, the occly-
sion ceases. The chamber is suddenly ex-
posed to the strong suction (outflow pres-
sure belaw zero), and a lazge uid vofume
will abruptly escape. As the chamber col-
tapses, lissue from the vicinily may move
into the range of the emulsifying tip

- [5]

Fig. 8.6%. Space tacticat salety precautions
prior to cessatlon of the ocelusicn

At the dransilion from stage a to stage b
(in Fig. 8.68) a “control stop™ is inter-
posad to secure maximal chamber volume:
Emulsification and aspiration are infer-
rupled but infusion is maintained. The
outflow through the auxiliary outlet is
minimized by correcling mavements of the
emulsifier at the entrance opening (red ar-
row; see Fig. 1.14). Only when the
chamber has atlained maximum depth
(fe., the posilion of the leas capsule has
bezn brought back as far as possible)
emulsification is activated again for the fi-
ial removaf of Lhe occluding particle

(Fig. 8.66d). The pressure in the
chamber depends on the size of the
additional cooling {luid outlet. ¥
the outlet is sealed off, the chamber
pressure equals the initial pressure
(see Figs. 1.4a and 2.26a); if It is
widely open, the pressure equals at-
mospheric (see Fig. 1.6a). But in
contrast to aspiration in flow, the
pressure cannot fall below atmo-
spheric, so there is less danger of
chamber collapse (Iig. 8.68a).%%

TFhe characteristics of both emul-
sification techniques are summa-
rized in Figs. 8.63 and 8.64. Tt is ap-
parent that the control criteria for
each of the techniques are different
and are even opposite in many re-
spects. This accounts for the difti-
culties to be anticipated when emul-
sification  in  flow inadvertently
changes to emulsificalion by occlu-
slom, or vice-versa, during the oper-
ation. .

‘Thus, the most ¢ssential control
aspect of phacoemulsification is to
maintain the fechnique that has
been selected. If a change to the
other fechnigue is indicated, the
change must be carefully planned;
it is imperative that unplanned
changes be avoided,

Problems in Changing
the Emulsifying Technique

What are the risks asseciated with
an unplanned change from aspira-
tion in flow to aspiration by ecclu-
slon? First, the nucleus may abrupt-
ly change its orientalion the mo-
ment occlusion is established (see
Fig. 8.66a), posing a threal {o sur-
rounding tissues. *® Second, the nu-
cleus as a whole may be displaced
if the surgeon contines to move the
instrument {i.c., perform guidance
motions} after occlusion has been
¢stablished. Finally, there is a
danger of overheating if the addi-
tional coolant outlet (which need
not be open during aspiration in
flow) is not functioning properly
once occlusion is established. *! If
unplanned occlusion should oceur
degpite precautions, the surgeon
must discontinue any guidance mo-
tigns at once and switch off the vi-
bration untii the situation is again
under control.

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

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

But change to aspiration in flow
is an inevitable part of any erdinary
emuisification by occlusion, repre-
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senting the final phase afier the ma-
terial in Eront of the tip has van-
ished.

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

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

40 Special care must be taken to prevent
unintended reorientation of the nucleus
when emulsification has sculpted a sharp
edge into hard nuclear materiat.

4! B.g, i the instrument is held obliguely
{asin Fig. 1.14¢).
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The basic safety strategy for aspi-
ration by occlusion, then, is 1o al-
tow for the possibitity of a sudden
loss of occlusion in each phase of
the procedure and forestall its con-
sequences. On the one hand this im-
plies reducing the pressure differen-
tial upon loss of occlusion; on the
other, providing an adequate safety
zone in front of the tip. A low pres-
sure differentinl is obtained with the
short-burst technique. Maintaining
aspiration by occlusion for just a
few seconds prevents buildup of
high negative pressures. Thus, when
occluston is lost after a short emul-
sification busst, only a fraction of
the force set at the suction pump
will become active at the tip. Pro-
viding a safety zone means main-
taining ample clearance from adja-
cent tissues. In this respect aspira-
tion by ecclusion requires larger
clearances than aspiration in flow.
This may seem paradoxical, be-
cause occlusion actually protects
surrounding structures, However,
the safety clearances must provide
for an abrupt loss of occlusion, at
which point the pressure differen-
tiat is greater than in aspiration in
flow.

Special safety precautions are
taken in the final phase of the emul-
sification, just before occlusion is
terminated; Vibration and aspira-
lion are switched off while the infu-
sion is continued. The space-tacti-
cal context is checked and opti-
wized, and a maximwn @iterior
chamber depth is established by ad-
justing the position of the instru-
ment at the access opening in order
to improve the seal (sce Fig. 8.69).
Only then the emulsification is
completed using short bursts so
that bath the aspiration and vibra-
tion can be switched off immediate-
ly upon termination of the ocelu-
sion.

Criteria for Selection
of the Emulsification Technique

The indication for emulsification In
flow versus emulsification by occlu-
ston depends on the quality of the
lens nucleus and its mobifity.

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

A no less important criterion is
the mobility of the nuclear material,
Only immaobile material, whether
deformable or nondeformable, can
be emulsified in flow, whereas mo-
bile material inevitably will appose
to the suction tip and therefore is
emulsified by ocelusion, This means
that both an ideal and an unfavor-
able emulsification condition exists
for deformable and nondeformable
nuclei. These conditions cannot be
freely chosen bul depend on the an-
atantic setfing in which the emulsifi-
cation is carried out: When the
phacoemulsification is performed
in the anterior chamber, the nucleus
has been dislocated from its origi-
nal position and hence is Ffreely
niovable within the chamber. When
the nucleus is emulsified in situ {*in
the posterior chamber™), the ana-
{omic connections between the nu-
cleus and cortex may have re-
mained intact, and the nucleus is
immobile. i foltows, then, that op-
timum conditions prevail when de-
formable matier is emulsified in the
anderior chamber, and nondeform-
able matter is emulsified in the pos-
terior chamber (Fig. 8.7, red ar-
rows).

These optimum ¢onditions can-
not always be achicved in practice.
It ¢an be difficult to mobilize a de-
formablfe nucleus and dislecate it

inte the anterior chamber, because
the soft matter is difficult to sepa-
rate from the cortex. Conversely, a
nordeformable nucteus cannot al-
ways be kept immaobile in the poste-
rior chamber, because it must be
mobilized and disptaced as the
emulsification proceeds in order to
present it opfimally to the tip.
Hence there is no way to avoid
working at least temporarily under
suboptimal conditions.

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

Another suboptimal condilion is
the emndsification by occlusion of
nondeformable matter (e.g., the
emulsification of hard nuclear mat-
ter in the anterior chamber), Here
the technigque must allow for the
blocking action of the sleeve
(Fig. 8.64¢), so the emulsificalion is
carried out in small steps that pro-
gressively deepen the excavation
(Fig. 8.64d). If the noncompliant
matter becomes incarcerated at the
tip, there are two ways to loosen
it again: Short, high-Trequency
bursts of the vibrator can repel it
effectively, but they are safe only
if the incarcerated material has suf-
ficient mass to check the recoil.
With a small particle it is better to
use short bursts of low-frequency
vibration to toosen the material and
to push it back with a spatula.
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"

Fig. 8.70. Deciston-making criterla for se-
lecilng the emulsification technique, When
emulsification is performed in the posteri-
or chamber, the nucleus is imuncbile, at
least initiatly. Therefore il is emulsified in
flow. This provedure is accomplished most
successfully in nondeformable material
(6), while with deformable matler (5) there
is a danger of unintended occlusion. If the

aucleus has become mobife while in the
pesterier chamber (3, 4), it may cither be
immobilized there with a spatula, or it
may be dislocated forward into the anteri-
or chamber (using aspiration only), Once
inside the anterior chamber, the nucleus
is mobile. Since it is emulsified there by
occlision, emudsification in the anterior
chamber is ideal for deformable nuclei (/)

1 o
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1
1
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/ |
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by occlusion in flow

but is suboptimal for nondefornable nu-
clei (2). The red arrows indicate the opli-
mun: emulsification conditions, The gray
arrows indicate the sequence of steps for
a aucleus in the posterior chamber: anim-
mehile nucteus is mobilized and then dis-
located into the anterior chamber. First
the nucleus is emulsified in flow, and once
mabilized it is emulsified by ooctusion

Table 8,2, Comparlson between planned and woplanned transitions i’rom emulsification in flow (£.i.F.) to cmulsification by occluston

(E.b.©.), resp. from E, b0, to E.LF.

BiF. = BEb.O.

Eb.Q. -» BiLF.

planned stari of E.b.O,

unplanned transition

planned end of E.b.O.

unplanned transition
i

1. Establish foldability
- temove all hard material

¥

2. Establish oceludability

— align bavel of tip
%o contour of nucleus
(se¢ Fig. 2.28a+4d}
— cut mralerial intg
occluding shape -
(sce Fig. 8.64b)

3. Proceed 10 0O,
~ lransfer materiat
Lo safety zone for Eb.O.
{s2 Fig. 8.73b}
— stay put and cut

‘Wriong moment:
hard material sill pzesent

Wrong way:

bevel not properly a§lgu€d
(see Fig, 2.28b+¢)

‘Wrong place:

orifice of tip
beyond safety zone

{se2 Fig. 8.69)

2. Keep bevel away

for B.b,0.

¥

L. Provide large reseive space
- deepen anterior.chamber

Sfrom vulnerable tissue
— stay in safely zone

Wrong moment:
without sufficient

chamber volume

Wrong place;

beyond safely zone
for E.b.O.

3, Avoid high pressure differenice. Wrong wayp:
— use short burst technique

long bursts of ulirasound
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Fig. 8.71. Topographlc criteria for the use
of phacoemulsification; Safety zones Im the
anterlor chamber. Gray zone: Safely zone
for aspiralion alone; pink zone: Safely
zone for vibration and aspiration com-
bined.

The nucleus is mobile in the antesior
chamber and is emulsified by occlusion,
The safely margins must be large cnough
1o ensure that a sudden loss of seclusion
wilt not damage nearby lissues. Aspiration
alone poses relatively little risk of damage,
s the safely zone is Jarge. Ultrasonic vi-
bration, on the other hand, requires large
clearances: The safety zone does not ex-
tend past the center of the pupil, Vary little
deviation upward or downward [rom the
horizontal can be tolerated due to the re-
spective dungers posed to the corncal en-
dothelium and irs. Lateral mobitity dur-
ing vibration Is timited to easure that the
cullet for the cooling Muid is not ob-
structed (see Fig, 1.14¢). The minimum
distance from the access opening () al
which emulsification can be peeformed de-
pends on the position of the openings in
ihe sleeve (see Fig. 8.61)

Basic Technigues
of Phacoemulsification

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

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

Fig. 8.72. Topographic criterla for the use
of phacoemulsification: Safety zone In the
posterlor chamber. If the nucleus is immo-
bile while in the posterior chambex, it is
emulsilied in flow, Since this method is
not associated with abrupl pressure
changes, the necessary clearances are
small. Thus the safety zone is darge and
is praclically the same for emulsificalion
(pink) as for simple aspiration (gray). The
start of the safety zone (d) and its decp
boundary (¥} are influenced by the loca-
tien of the comeal incision, the end of the
zone {C) by the pupil size. {D} as in
Fig- .71

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

— nucleolysis

— lecomotion

— emulsification within the safety
zong for emulsification by occlu-
sion.

There are three basic techniques for

phacoenitsification according to

the way in which these steps are sc-
quenced and combined;

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

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

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

/

Fig. 8,73, DBasic maneuvers for phace-
emulsification

a Movements of the emulsifier: The theo-
retical sange of action of the phacoemulsi-
fier is a2 cone whose apex lies at the access
opening.

b Safe regions for movements of the emul-
sifier. The practical range of actien is lim-
iled by anatomic constmints (distance
from surrounding tissues). There isa large
difference, mereover, belween the rangss
of action in the anteifor and posleror
chambers since different emulsification
techniques are used in each chamber. In
the enterior chamber, cmulsification is
done by occlusion and tho safety zone is
small. In the posterior chamtber, exlsifica-
tion can be done in flow, so the safety
zone is larger. Only a smatl fraction of
this zone is safe for emulsification by oc-
clusion (circular arca at the center of the
posterior chamber).

¢ Movements of the nucieus. To bring the
material into the safety zone for emulsiti-
cation in each chamber, the nucleus is ro-
tated about its axis (smalf arrows}. To
bring it from 1he postcrior info the anteri-
or chamber, either the inferior or superior
pole s elevated {Jarge arrows).

d Movements of nuclear Fragments. Small
frapments are brought to the safely zones
of emulsification by transposing them cen-
tripefally with aspication by occlusion.
Above: Anterior chamber

fefow: Posterior chamber
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Practical Conduct
of Phacoemulsification

Insertion of the Emulsifier
inte the Anterior Chamber

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

Following entry into the anteri-
or chamber, a lateral position of the
sleeve openings prevents tissue dis-
placements that might occur if the
openings  were  positioned  verti-
cally.*? For reasons of spatial tac-
tics, infusion is maintained contin-
uously to compensate for outflow
of 1he cooling stream. Note: In all
manipulations with the emulsifier it
is necessary to monitor not jusl the
working fip but also ils position at
the access opening (Fig. 8.69), for
thal is where space-tactical safety
is controlled.

YRg, rompensatory tissue shifls (iris
prolapse, elc.) in vase of a leaking acvess
opening (se¢ Fig. 2.25).
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Fig. 874, Baste technique for emulsifica-
tion fn the anterior chamber

a Fiest step: The entire nucleus (peripher-
al shelt and central core) is mobilized and
teansposed into the anterior chamber to-
ward the safety zone for emulsification.

b Second step: The nucleus is emulsified
with aspiration by occlusion within the
safely zone of the anterior chamber

-

Fig. 8.75. Basle technique for emulsifica-
tton in both chambers

& First step: The hard central core of the
nucleus is emulsified within the safely zone
for emulsification in flow.

b Second step: The softer shell is mobi-
lized and transposed into the anterior
chamber, The motion veclors have vertical
COMPONENis.

¢ Third step: The remaining nuclear ma-
tezial is emulsified by occlusion within the
safely zone of the antedor chamber. All
nmayements of {he nucleus are korizontal.

d Nate: Motion of the emulsifier from the
emply space toward the tissue (o be re-
moved ooears on a cerdical plane. The bov.
¢l of the dip direcled toward the empty
space faces uphard

Fig. 8.76. Basic technique for emulsifica-
t{on within the capsolar bag

a First step: Nucleolysis {by hydrodissec-‘-.

tion),

b Seccond step: Emulsification of the lens
matesial within the safely zcne for emulsi-
ficatien in flow (anterior cortex, anterior
nuclear shell, and nuclear core).

¢ Thicd step: Transposition af the remain-
ing nuclear shell inte the safety zone for
emulsification by occlusion at the center
of the bag. Note: The veclors of Lhis ma-
neuver are sicicily Aorizontal.

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

¢ Nore: The plane of the movemenls of
the emulsifier is horfzontal; the bevel faces
faterally toward empty space

Nucleolysis and Locomotion

Nucleolysis is performed either by
hydrodissection or by traction {i.e.,
combined with locomotion). De-
pending on the technique selected
for phacoemulsification, the enlire
nucteus, the shell enly, or small
fragments are transposed into the
salety zone for definitive emulsifi-
cation by occlusion. The motor for
tocomotion consists of pressure or
traction. For pressure, the necessary
gradient  between the vitreous
chamber and anterior chamber is
praduced by interrupling the infu-
sion stream. The diaphragm is al-
lowed to bulge forward, pushing
the nucleus toward the anterior
chamber.

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

For phacoemulsification in the an-
terior chamber, the entire nucleus
(i.e., the hard central core along
with the softer peripherat shell) is
transposed  into  the anterior
chamber (Fig. 8.74). Thus, the ini-
tial steps are nucleolysis and Jocomo-

ion. For nucleolysis an (irrigating)

cystotome can be used as shown in
Fig. 8.47. Locomotion is sustained
by a pressure difference between the
vitreous and anterior chamber pro-
dueed by an interruption of the in-
fusion slream.

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

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

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

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

There are two busic methods of
phacoemulsification in the anterior
chamber: 1) the nucleus is emulsi-
ficd from the inside oulward, i.ec.,
the hard core is attacked first, and
the softer peripheral shell is left for
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Fig. 8.77. Melhods of emulsification in the
anfetior ¢hamber: Start of the emalsifica-
tion

a First the material within the safeiy zone
is emulsified.

b Steps of the emulsification, Fhe first
step (1) is emulsification at the cquator
(see Fig. 8.78u). The second step (2} emul-
sifies the surface and provides exposure
for the third step (3), deep emulsification

emulsification by occlusion in the
final phase, or 2} the nucleus is
emulsified from the outside toward
the center. .
In the former methed the periph-
eral part of the nucleus already
within the salely zone is emulsified
{Figs. 8.77, 8.78) to gain access 1o
the core. Then the core is succes-
sively brought into the safety zone
by lateral shift {Fig. 8.79) or by ro-
tation (Fig. 8.80). During emulsifi-
catlion of the hard material, the
most difficuli part of the procedure,

Fig. 8.78. Emulsification of a mobile nucle-
us .

a If emulsification is started precisely at
the equator of the nucleus, the instrument
is aligned perpendicular to the surface.
The resistances about the sleeve are sym-
metrical, and the p penetrates horizental-
ly into the nucleus.

b, ¢ H the tip is applicd aboave (b) or below
(e) the equator, motion of the aucleus is
checked on one side by the sleeve, causing
the nucleus to tilt upward or downward

the nuclear mass is still large en-
ough for inertiaz 1o be an effective
stabilizing adjunct. In the finai
phase the material is soft and is eas-
ily emulsified by occlusion.

in the latter method the soft shell
of the nucleus is shelved away first
(Fig. 8.8f). When the tip reaches
the core, the nuclear mass has been
significantly reduced and its inertia
is low. Thus, the method is safe
only when the corc is soft enough
to be emulsified by occlusion.
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Fig. 8.79. Methods of emulsificztion fa the
anterfor chamber: Longltudinal shifling of
the ucleus

a Following the initial excavation (Fig.
8.77), the nucleus is sucked gradually to-
ward ihe access opening, and en:ulsifica-
tien is continued at its center.

b This mancuver is continued wstil two
side fragments remain,

¢ Tho remaining Iragmeats are grasped
with the suction tip within the wide aspira-
tion zong {black) and retracted toward the
safely zone (red), where the emulsification
is completed

Fig. .80, iviethods of emulsification in the
anterior chamber: Rotation of the nucleus
with a spatula

a Pollowing the inilial excavaticn (Fig.
8.77), the nucleus is rotated with a spatuta
(introduced through a secend incision) un-
til a new sector enters the safety zone,
where it is emulsified.

b As the rotation manewver is continued,
new material is fed to the emulsifying lip,
and the nucleus diminishes in size.

¢ The emulsification is completed as
shewa in Fig, 8.79

Fig. 8.81, Methods of emulsification in the
anlerfor chamber: Rolation of the nucleus
by aspiration

a When the tip is applied to the nucleus
obliquely on the horizontal plans, the
sleeve exerfs a checking action which
causes the nucleos Lo rotate as in Fig. 8,78,
though here it rotates about a vertical axis.
The safely margins in this technique are
small for several reasons; First, the tip tan
easily stray from the safely zone. If, to
avoid this, the nucleus is pushed to the
center of the antedor chamber, there is

a danger that the far edge of the rotating
nuclcus will scrape against the carneal en-
dothelium. Second, the oblique position of
the instrument a1 the corncoscleral inci-
sion can hamper cooling by blocking fluid
oulflow alongside the tip (se¢ Fig. f.04¢).
b The rotalion mancuver is continued. As
the nucleus diminishes in size, it can be
brought to the center of the anterior
chamber for emulsification; the safety
margins expand.

¢ Fically the central core of the nucleus
is emulsifiad
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Phacoemulsification
fr Both Chambers

When phacoemulsification is per-
formed in both chambers,*3 the
core and shell of the nucleus are
emulsified in different chambers
(Fig. 8.75). This altows optimum
conditions to be selected for the
emulsification of hard and soft ma-
lerial.

The first step is emulsification of
the core of the nucleus in the posteri-
or chamber. The anatomic connge-
tions between the nucleus and dor-
tex are still intact and seeve 1o keep-
the nucleus immobile. This facili-
tates the emulsification in flow that
is optimal for the hard nuclear core.
The material within the safety zone
is shelved layer by layer from the
surface downward. A sharply bev-
eled tip is used for emulsification
in flow (see Fig. 8.66h), and the be-
vel is directed upward to prevent
inadvertent occlusion.

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

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

The nuclear rim on the opposite
side is first sculpted to make it fold-
able, then it is pulled toward the
entry site of the instrument. Thus,
this method is suitable for nuclear
material that is soft enough 1o
maitain streng octlusion, i.e., suf-
ficiently strong to withstand the tis-
sug resistance 1o nucleolysis and
folding. .

The third step is éemulsification of
the nuclear shelt in the anterior
chamber. Being soft, the material is
emulsified by occlusion. The shell

is successively rotated into the safe- -

ty zone and removed there while the
tip is held almost stationary.

3 Currently this technigue is called
“emulsification in the posterior chaniber*
because that is where the procedure is be-
guAn,

* Pointing the fip backward during aspi-
ration is hazardous to the capsule. Basily
deformable matedal may be socked
abruptly through the large lumen of the
aspiraling cannula, exposing the posterior
capsule to the potentially damaging effect
of a large pressure gradient.

Phacoemulsification
Within the Capsular Bag

Tn phacoemulsification within tha
capsular bag (Tfig. 8.76), all maneu-
vers can be performed through a
small capsulotomy. In terms of spa-
tial factics, then, the capsular bag
may be treated as an independent
pressure chamber, and its shape can
be controlled by adjusting the flow
parameters {sce Fig. 8.57).

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

5 Many maneuvers in this technigue can
be explained simply as a 90° rotation on
the vertical plane of manipulation in both
chambers ~ {compare Figs. 8.75d4 and
8.76¢1).

The first step, then, is anterlor
corticolysis and nucleolysis by hy-
drodissection. Hydrodissection is
used because there is not encugh
room to separafe the connections
by tractional movements. Since
hydrodisseciion is most effective
when the reflux resistance is high
(see Fig. 8.48b), it is done prior to
any further manipulations. The sec-
ond step is excavation of the nuclear
center (Fig. 8.84). This is done in
two phases: creation of the initial
cavity for introduction of the tip,
and extension of this cavity
throughout the safety zone for
emulsification in flow. Occlusion is
unavoidable during sculpting of the
initial cavily, so short bursts of ul-
trasound are used at this stage. The
bevet of the tip {(which is sharp for
the emulsification in flow that fol-
lows) is directed laterally to avoid
unintended aspiration of the anteri-
or or posterior capsule. Subsequent
excavation of the nucteus within the
safety zone is done in flow. The ma-
terial in front of the tip remains im-
mobile despite the previcus nucleo-
[ysis, because the nucleus is well
confined within the intact capsular
bag. The shelving mancuver is done
on the horizontal plane by sweeping
the tip latcrally from one border of
the safety zone to the opposite
porder., To avoid occclusion, the
bevel of the tip faces to the side,
toward the cavily already formed.
The anterior coriex (previously
ioosened by corticolysis) is simulta-
neously removed, allowing visual
control of the underiying emulsifier
tip.

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

The material is grasped and
pulled by aspiration by occlusion.
To prepare this slep the peripheral
shell is cut into occludability, that
is, into a {riangular shape able to
occhide a sharp beveled tip held lat-
erally (see Fig. 8.84b).

The fourth step is the final emut-
sification of the fragments within
the safely zone for emulsificalion
by occlusion at the center of the
bag. The infusion pressure and out-
flow opening are closely monitored
and controlled to maintain the
shape of the emptying bag; shorl-
burst technique prevents collapse of
the bag when the emulsification is
completed.,

Subsequently the residual shell is
rotated unlii new portions become
accessible fo the tip; then the steps
of emulsification are repeated.

Phacoemulsification
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Fig. 8.82, Methods of emudsification in both
chambers: Raising the superior pole of the
nucleus. The diagrams of the footswitch
positions show position 1 (infusicn only)
in the lelt square (/) with a black circle
(on) or white circle (off). 46

Tollowing initial emulsification in the safe-
ty zone of the posterior chamber, the supe-
rior pole of the nucleus is moved into the
safety zone of the anterior chamber. In
this technique the nucleus must be hard
enough to offer adequate =esistance to a
spatula.

a JInitial excavation: First the center of the
nucfeus is emulsified within 1he capsular
bag, leaving a solid "*step” on the opposite
side (aspiration in Mtow).

b Locomotion: The step is engaged with
a spalula, which shilts the nucleus forizon-
tally toward the inferior pele until its supe-
rior pofe appears atl the pupil margin,
Then the spalula is held sleady while the
emubsifier is withdrawn {oward the access
opening lo make reom for ascension of
the superior pole. The superior pole is
driven upward by lowering the pressure
in the anledior chamber {discontinuing in-
fusion, footswitch posilion Q) until the di-
aphragm bulges forward.

€ Nucleolysis: The superior pole presents
to the tip aad is engaged, then the infusion
is restarted 1o induce recesston of the dia-
phragm, The nucleus is now separated
from the cortex by hydrodissection; suffi-
cient time musl be allewed (in footswitch
position f) for this separation to occur.
Then the tip is withdrawn sfightly so that
ihe nucleus can fall back again. Nucleoly-
sis is compleled by rolation of 1he nucleus
with a spatula (see also Fig. §.47b).

% Position 1 was nol drawn in the pre-
vious figures, because infusion was on dur-
ing the enlire procedare.
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& Emulsification of the nuclear rini: The
mobilized materiat of ihe superior nuclear
rim is shifted from the posterior chamber
inte the safely zone of ibhe anterior
chamber by repeating lhe mancuver in
Fig.b. Ther the matedial is emulsilied in
Now.

e The enlire rim is shelved away by bring-
ing new portions to the emulsifier tip. This
is done by rotalion with the spatula and
by lifling with the maneuver in Fig. b,

£ Emulsification of the posterior shell: Fi-
nally the flat, rimless posterior shell of the
nutleus is moved to the anterior chamber
through aspiration by ecclusion. There it
is (stabilized with a spatula il necessary)
emulsified by occlusion. Note: Te avoid
improper alignment of the shell on occtu-
sion, the bevel of the emulsifier is directed
lalerally now
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Fig. 8.83. Methods of emulsification in
both chambers: Raising the inferior pole of
the nucleus. Following initial emulsifica-
tion in the safety zong of the posterior
chamber, the iferior pole is drawn into
the anterior chamber. This meihod is best
suited for nucled soft enovgh to be folded
alter partial excavation.

a fnitinl excavation: The nucleus is exca-
vated in the posteriar chamber by aspira-
tion in {low 1o the extent the safely zone
allows.

b Preparation for folding manewver; On
the far side of 1he excavation, grooves are
cut toward the periphery at both lateral
ends so that the intervening border of (ke
nucleus can he folded more easily, These
grooves ealend beyond the safely zone.
Thus ihe nuclear material is first grasped
with suction*? and then is pulled 1oward
the safety zone for emuisification.

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

#T Remember that the safety zone {or aspi-
ration atone (dlack outline) is larger (see
Fig. £.72).

A T
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d Raising the inferior pole into the safety
zone of the anterior chamber: The rim be-
tween the grooves is now grasped with
suction {foolswitch position 2: Aspiration
only, no vibration), folded upward, and
pulled toward the access opening. This dis-
locates the nuclear sketl into the antericr

chambsr.

€ Removal of the sucleus is completed
within the safely zome of the anterior
chamber {aspiratien by occlusion)
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Fig. 8.84. Phacoemulsification in the capsu-
Tar bag. The basic steps in the procedure
ara the removal of the nuclear core within
the safety zone for emulsification in flow,
and removal of the portion of the shell
opposite the capsulotomy. Subsequenily
the nucleus is rotated, and other parts are
made accessible 1o the emulsifier.

a-f Sequence of manipulations.
v~z The resulls obtained after each step.

& Sculpting the initich cavity: The emulsi-
fier is introduced into the lens theough =
small capsulotemy whose width depends
on the planned arc through which the tip
will bz swept (i.e., the base B of the safety
zone for emulsification in flow). A flat-
beveled tip is chosen to minimize the risk
of unintended occlusion (see Fig. 8.66b).

The bevel faces taterally toward the space -

already excavated,

b Excavation of the nyclear core by emul-
sification in {low. With the bevel facing
laterally, the cavity is extended by swivel-
ing the emulsifier horizonlally. On the side
apposile the capsulotomy, a triangular
wedge is left in the ouclear shell to serve
as a “handte” for pilling it toward the
cenler. The Lriangle is not isosceles: One
side (toward x) is made shorter and steeper
than 1he cther to allow for solid occtusion
by the beveled tip; the other side, longer
and flatter, can easily pivel aboul point
Z at its end.

¢ Mobilization of the wedge. The steep
part of the trangle is grasped by occiusion
with the aspirating tip (no vibration) and
is pulled ceniripetally.
@ The wedge is emulsified by occlusion at
the center of the bag.

v Result of a—d: Removal of nuclear na-
terial in the safely zone and adjoining
shell,
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g Nucleolysis and locemotion of the re-
nining nucleus.

€ One lateral wing is mobifized by pulling
it toward 1he center with 1he emulsificr (as-
piration by occlusion, no vlirasound). The
mancuver is facilitated by preliminacy
nucteolysis (hydrodisseetion).

{ Same mnancuver on the opposite wing.

g Loctomolion by retation threugh 1807
w At this stage the nucleus previously on
the side of the capsulotomy has been
moved to the cpposite side and now is
acressible within 1he safety zone for emul-
sification in flow.

b} Repetition of the sombsification steps
(o).

x MNow only the lateral wings of’ (he shell
renain. If they cannot be pulled directly
Loward the centes with the tip, the nucleus
is rotated again,

y Rotation through 90° brings cne of the
lateral wings indo the safety zone for emul-
sification in flow.

z Rotation through 180° brings ihe re-
maining Jateral wing into the safely zone
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8.3.4 Delivery of the Cortex

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

Mobitization of the Cortex
(Corticolysis)

The cortex is separated from the
lens capsule on a preexisting ana-
tomic cleavage plare, which can be
developed by pressure or traction.
Pressure is applied by injecting
fluid into the interspace between
the corlex and capsule to create a
pressure  chamber  (Fig. 8.83a, b).
The advantage of corticolysis by
hydredissection is that it does not
affect the suspension of the lens and

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

Stmilar considerations apply to
corticolysis by hydrodissection_ as
to nucleclysis as far as resistances
to forward flow and reflux of the
fluid are concerncd. These resis-
tances can be produced only by in-
jecting the {luid prior fo removal of
the nucleus. If corticolysis by hyd-
radisseclion is attempied after de-
livery of the nucleus, it is not only
more difficult to inject the fluid pre-
cisely between the capsule and cor-
tex, but the corticolysis also be-
comes much less efiective. In this
situation hydrodissection can al
best mobilize large, compact frag-
ments (Fig. 8.85b). Small cortical
remnants, on the other hand, are
poorly moebilized because walery
fluid tends to flow around them
(Fig. 8.85¢). However, corticelysis
of small fragmeals can shll b ac-
comptlished by the use of viseoelus-
tic material (Fig. 8.85d).

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

Fig. 8.85. Cotllcolysis by hydrodissection

a Fluid injected beneath the capsule pro-
duces a pressure chamber whese expan-
sion separates ihe capsule from the cortex
{sec also Fig. 8.45b).

b Only large and compact fragments offer
sufficient backflow resistance to allow a
pressure chamber to be formed,

¢ With smaller fragments, resistances to
the reflux and spread of watery Auid are
toa low, so a pressure chamber is not
formed.

d Viscoclastic material provides ils owa
flow resislance and thus can separate even
smalf cortical fragments from the capsule
(sec Fig. 2.19)

Fig 8.86. Corlicolysis by tractlon

a Cortex is fixed to the cannula by suction
and stripped away by traction on the can-
nula,

b The traction chain encompasses the in-
stcament (and its fixation te the cortes),
the cortes, (he cordicocapsular atiach-
ments {ihe intended cleavage zone), the
capsule, the zonule, the ciliary body, and
the sclera

b

A
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Fig. 8.87. Establishing occlusion. Relulion
of the size of the aspiration post to the
1issue cross-section.

& Ifthe cross-section of cortex in the aspl-
ratien port is too small, the lip cannot
grasp the cordex and will tend to aspisate
other structures {e.g., chamber contents,
itis, capsule).

b Ceclusior is sought in large coctical
fragmen(s by moving the cannula toward
the peeiphery.

¢ With thin strands of cortex, peripheral

‘motion of the ¢cannula cannot provide ve-

clusion and therefore risks aspirating the
capsile (center). When mulliple stvands
are present, ccclusion can be establishied
by moving the cannula ciccumferentially
wilil several 1ags are gathered into 8 bun-
dle (right).

d A thin, isolaled strand can be grasped
only with a sufficiently smali aspiration
porl

s

<

plying tension 1o the cortex on one
side and to the capsule on the ofler. ™
Tension on the cortex is produced
by guidance moljons with a grasp-
ing instrument, the cortex itsedf act-
ing as an instrument for transmii-
ting the applied tensile forces to the
cleavage zone (Fig. 8.86).%% Coun-
tertension on the capsule is praduced
by tension on the zonule, Actually
there is a traction chain comprising
the instrument, corlex, capsule,
zonule, ciliary body and sclera, and
the weakest *“link ' in this chain will
give way when traction is applied.

Thus, the lechnique of corlicolysis
by traction. aims at concentraling
the effect of the forces on the corti-
cocapsular altachments. 4%

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

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

grasp enough lissue to transmit
forees to the corticocapsubar inter-
face; it too large, occlusion is not
obtained (Fig. 8.87a). If the relu-

% Pgs the corlex to function in this capac-
ity, it musi net be ranssected at the grasp-
ing instrument, Thus, suction cutlers are
nol suitable fraction instruments for cordi-
colysis from the capsule fornix. They are
used as cutting instruments in lensectomy
for the temoval of the whole lens (includ-
ing the capsule) and the anlerior vilreous.
#9 This is diffkcull in the presence of a tom
capsule, weakened zomule (subluxated
lens} or cyclodialysis. If the sclera gives
way, it can be reinforced by attaching o
stabilizing ring (see Fig. 1.47).
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Fig. 8.88. Achieving occlusion by a cannula
with an upward-directed side opening

Left: Establisking occlusion

Right: Loss of oectusion during guidance
MOovements

tion of the cannula opening fo par-
ticle size is unfavorable, the surgeon
can reposttion the cannule in an at-
tempt to locate a site where occlu-
sion ¢an be established. The cannu-
la is moved to a position wiere
there is more accessible cortex — pe-
ripherally for large particles {Fig.
8.87b} and parallel to the capsule
sinus for thin strands (Fig. 8.87¢).
A cannula with a very small opening
may be needed 1o grasp tiny indi-
vidual fibers (Fig. 8.87d).

The choice of the direction of the
aspiration port depends basically
on the Jecation of the particle 1o be
aspirated. However, it is also im-
portant to consider the effecis that
would occur if the occlusion were
primarily deficient*® or became so
during the corticolysis. *! To avoid
inadvertent aspiration of adjoining
vital structures, 32 it is safest to keep
the cannula opening pointed in a
direction where only additional cor-
tex can be aspirated, i.e., laterally
(Fig. 8.8%). It is relatively safe to di-

a Here the capsule margin terminates pe-
ripheral to the remaining cortex, and the
suction tip grasps 1he cortex ouiside the
capsule area {left). EF occlusion is deficien,
chamber fluid wilt be aspirated. When
traction is exeried on the corlex (right),
the suction tip moves away from the cap-
sule margin and poses no danger to il

rect the opening toward farge aque-
ous-filled spaces. It is less safe to
direct the opening toward the ante-
rior capsule remnants, the capsular
sinus, or the pesterior capsule, since
a break of ccclusion in these cases
would endanger the capsule and
zonule (Figs. 8.88-8.91).

The actual cleavage mechanism,
trzetfon, is produced either by swe-
tion or by guidance motions of the
aspiration cannula, This teaction is
resisted by the tissue attachments
that must be ruptured in the corti-
colysis, i.e., by the interconuections
among the corlical fibers (#utracor-
tical resistance) and the connections
between the cortex and capsule
(corticocapsular resistunce). If these
resistances are too high, the ccclu-
sion will break and traction will be
lost.

It is useful, then, to distinguish
between cortex whose atlachments
are 5o [irm that the slightest motion
of the aspiration cannuta will dis-
rupt the occlusion (“firm corfex™)

b Here the capsule margin extends farther
centrally than the residual cortex, and the
cortex s grasped bengath the capsule
(feff). LI occlusion is deficient, the suction
tip will seize capsular tissue. The capsule
may remain in the dauger zone even while
traction is applied to the cortex?

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

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

? The quality of veclusion cannot be con-
trolled if the ocelusion is attempled under
conditions of poor visibitily.

3t Occlusion may be lost during cortical
traction if the resistance to corticolysis is
too high. A sudden break of ocolusicn
may also accur when material held by the
canoula is suddenly sucked into the open-
ing and aspirated through the Tumen.

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

3% Aspiration with an upward-direcied
cannula orifice may be dangerous when
altempted under condilions of poer
vision, for then it cannal be determingd
wheiber cortex (fft) or capsule (right)
presents to the opening.
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Fig. 8.89. Achieving ecclusion by a cannula
with a Fulerally directed side opening. If oc-
clusion becomes deficient, adjacent corii-
cal matter is seized by the suction 1ip and
occlusion reestablished. There s litlle
danger of aspirating the capsule

Fig. 8.90. Achleving occtuslien by a carnula
with a dovinward-directed side opening. The
main danger here is aspiration of the pos-
terior capsule. With its opening turned
downward, the canoula should be used
only for grasping particles that guarantes
occlusion throughout the procedure, e.g.,
solid cordical fragments whose firm cop-
sistency keeps them from being sucked
through the opening right away

Ifg. 8.91. Achieving ceclusion by a cannula
with a forward-directed opening. Here the
side-effects of deficlent occlusion depend
on the level at which the suction tip grasps
the cortex, T the cortex is grasped beneath
the anterior capsule (4}, the suction is di-
tected parallel 1o the capsule and poses
no danger to it. If oeclusion is deficient,
the tube will simply aspirate wore cor-
tex. 3* [F the cortex is grasped in the capsu-
lag sinus region (5), deficient oeclusion
would allow aspiration of 1he equatorial
capsule with a risk of zonule rupture

Fig. 8.92. Traction on the cortex

a Firm cortex: The intracortical and cor-
ticocapsular  aitachments are stronger
than the occlusion. Since occlusien is lost
whan the cannula is moved, the cannoula
must be pressed against the corlex and
held stationary. Traction is effected entire-
1y on aspiration.

b Peclable cortex; The occlusion is slzon-
ger than the cortical resistance. Aspiration
serves only to maintzin the occlusion, and
traction is exerted by moving the cannula

34 This is true only if the tip is actvally
beneath a lense capsule, f thee are loose,
floating capsule remnants ahead, they
might be seized inadvertenily by the tip.
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Fig. 8.93. Remoyal of firm cortex

a,br The aspiration port is pressed tightly
against the cortex 1o secure occlusion. The
cannula is held stationary during aspira-
tion.

¢,d To maintain occtusion during the pro-
cedure, the cannula is simply wotated to
appose the aspiration port to new portions
of the cortex

Fig. 8.94. Removal of peelable cortex

CC corticocapsular attachments

IC iniracortical atiachments

a Making the initial gap, At this stage ihe
intracortical attachments are intact and
active on both sides of 1he particle to be
grasped. Tension on the iniracortical and
corticocapsular atltachments ds diffuse. IF
these resistances are too high the initial
gap is produced by aspiration alene (ac-
cording to the technigue shown for firm
corlex in Fig. 8.93).

b The inilial gap baviag been formed, the
intracortical attachmeats are intact on
only one side of 1he particle to be re-
moved. As the corticolysis proceeds, the
goal is to place tension on the corlicocap-
sular and intracoddical altachments sepa-
rately rather than jointly so that the total
resistance to the tractien is reduced. By
applying circianferential traction  away
Srom the initial gap, tension can ba placed
selectively on the corticocapsular attach-
ments below the anterior capsule.

¢ Following separation of the corticocap-
sular aftachments below ihe antesior cap-
sule, the intracortical attachmenis are rup-
tured by applying circwnferential traction
toward the initial gap

tex and rely entirely oni suctien to
effect the corticolysis. **
Traction on a peelable corlex, on

the other hand, is produced by guid-"

ance motions of the aspiration can-
nula (Fig. 8.92b). Occlusion is
maintained by moving the cannta
in directions where the lowest resis-
tances are encountered, ie., in di-
rections that stress the futracortical
and corticocapsulor  atlachments
separately  and  selectively (see
Fig. 2.55¢}. The highest resistances
are encounlered during formation
of the initial gap, i.e., extraction of
the first piece from the intact cortex
(Fig. 8.94a). During removal of the

. remaining strips, the intracortical
resistances are reduced by almost

half.

When starting, corticolysis froin
the anterior cortex (Fig. 8.95) sepa-
ration from the enterior capsule is
the most difficelt phase because
there the cHduntertension against
traction at the cortex is low. In cen-
tripetal mevements the iraction is
opposed by a diffuse resistance
from corlicogapsular attachments
(Fig. 8.95a), and tension becomes
selective only fvhen the dissection
has reached the capsular sinus
(Fig. 8.95b). Conversely, if cortico-
lysis is initiated at the sinus

A
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Efig. 8.95. Reinoval of peclable cortex. Re-
sistances encountered by centripetal trac-
tion. Initiating traction below the anterior
capsule.

a Traction on corlex below the anterior
capsule places a diffuse tenston on the cor-
ticocapsular attachments.

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

¢ As the corlex is stripped from the poste-
rior ¢apsuie, tension bacomes even more

“selective and resisiance minimal

Fig. 8.96. Renioval of peelable cortex. Initi-
aling centripelal traction in the sinus.

a If traction is initiated in the capsule si-
nus, the leasion is dilfuse and the resis-
fance 1o separation is high (danger of
sransmission 1o the zonules).

b As the traction is conlinued, selective
tension is exerted on the corlicocapsular
altachmenis at both the anterior and pos-
terlor capsule

(Fig. 8.96) tension is diffuse at the
sinus and becomes selective at the
anterior and posterior capsule.
 ARer an initial gap has been
formed, circumnferentiel motion of
the cannula facilitates separation
fram the anterior capsule (Fig.
8.94b and c).

2 ¥his requires use of a cannuta that can
both aspirate and remove firm material.
Matter toe solid for removal in this way
musi be delivered by (be same technigues
used for the leas nucleus. The suitability
of firm cortex for hydrodissection can be
exploited by injecting fluid to weaken the
corticocapsular bonds before applying
traction to the cortex itself.
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Renioval of the Cortex

There are three basic methods for
removing the mobilized cortex:

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

2. The particles are flushed from
the anterior chamber by irriga-
tion (i.e., by positive pressufe)

(Fig. 8.97d, center). The cannula -

opening is held close to the
chamber outlet as a safety pre-
caution in case of compensalory
bulging of the diaphragm (see
also Fig. 2.24).

. The particle is withdrawn from
tie eye white fixed at the cannula
tip (i.e., by guidance motions). Int
this method the cannula is passed
into and out of the eye for cach
individual parlicle (Fig. 8.97d
right).

T

Fig. 8.97. Phases in debivery of the cortex.
Bicolor colunin: Guidance motions {Af)
and use of aspiration (4) in the various
phases.

a Seeking occlusion: Through guidance
mofions, the suction tip is applied to the
cortical fragment. Aspiralion is not
switched on until the tip is fully apposed
to the fragment.

b Grasping: Guidance motions are discon-
tinued, and aspiration is switched on. The
caninula is held immobile at this stage so
that concomitant motion of the capsule
or Iris, signifying inadvertent aspiration,
can be recogaized.

« Traction: Guidance motions are re-
sumed whilz aspiration is maintained.

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

Center: The pacticle is removed by irriga-
tien. Motion of the cannula is limited te
regulating the ¢ross section of the access
opening. Right: The particle is retracted
from the ¢chamber with the cannula, ic.,
by a continuaticn of phase ¢ {guidance
motions of the canmula while aspiration
is on}

Summary of the I'mcedure.
for Delivery of the Cortex

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

1. Seeking occlusion. Only the can-
nula is moved. Suction is #ef acti-
vated until the cannula opening
is seated firmly against the cortex
(to prevenl aspirating aqueous,
iris or lens capsule).

2. Grasping (establishing firm oc-
clusion). The grasping force is
produced by activating the suc-
tion. The operalor performs ne
guidance motions at this time so
that he can defect any concomi-
tant motion of the iris or lens
capsule signalizing unintended
aspiration. *® When the operator
is certain that the cannula is well
occluded by cortex oaly, ke may
proceed to the next phase.

. Tractlon. The grasped cortical
maiter is torn away from the cap-
sule. Guidance motions and swc-
tion are applied concurrently.

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

e

-
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8.3.5 Operations
on the Posterior Lens Capsule

Fhe posterior lens capsule is deli-
cate and easily torn, Once a rear
is initiated, it will spread i re-
spanse to the slightest force. Direct-
ty behind the lens capsule is the an-
terior hiyaloid, which is even more
vulnerable. Thus, any manipulation
of the capsule threatens the integri-
ty of the vitreous body and must
be planned with that risk in mind.
Surgical procedures on the poste-
rior capsule are further complicated
by the difficulty of visual control, 37
Thus the surgeon must rety parily
on indirect signs to identify the
boundaries of the capsule and its
relation to other structures.

Polishing the Posterlor Capsule

Polishing is a method for cleaning
the posterior capsule of any residu-
al coriical remnants and opacities
that are adherent to its anterior sur-
Face.

Residual corlical fibers too fine {0
ccclude the opening of an aspira-
fion cannula are wiped away with
a blunt instroment (e.g., spatuta, ir-
rigation cannula) that is applicd di-
rectly over or alongside the residual
matter. Polishing instruments ap-
plied to the surfuce of the fibers
need not come in contact with the
capsule itself. The instrizment grips
the particles through friction; there-
fore its working end is finely rough-
ened and has a refatively large sur-
face area (Fig. 8.98a).

By contrast, instruments applied
alongside the residucs must come in

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

*® Immobility of the tip on grasping is
especially important if 4 smali pupil pre-
vents direct visualization of the caninula
opening.

37 The lens capsule is transparent and in-
visible under couxial illumination. Also, it
is usually toa thin to cause scattering suffi-
cienl te be seen under oblique illumina-
tion.

Fig. 8,98, Polishing the posterlor capsule

a Instrument applied te the swrfuce of the
cortical residus. Forees are transmitied by
friction against the surface of the residual
fibers. IF the undersurface of 1he polishing
insirument is large and rovgheaed, nini-
mal ferces are needed. Onee conlact is es-
tablished, the instrument is moved stekctly
parallel te the lens capsule.

b Insiument applied alongside the corti-
cal residue. To functien properly, the pol-
ishing instrument must apposs ftush to the
capsule surface and must tense the capsulz
so that the cortical fibers will not push
it away [tom the instrument. This teasion
implies force vectors directed perpendicu-
larly toward the capsule {large arrow),
Once adequate tension has been estab-
tished, the polishing insirument is moved
striclly parallel te dhe capsule surface
(smiall arrow)
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Fig. 8.99. Visual meonitering of the polish-
ing mareuver

a By making the capsule tense, the polish-
ing instrument forms an indentalion
whose borders are made visible by light
reflexes. When the reflex appears halo-
like, the distance D between the edge reflex
and instrument indicates the diameter of
the indentaticn and is proporiional to its
depth. D should 1emain constant as the
instrument is moved. This signifies that
the instrument is moving frecly over the
capsule without obstruction, and that a
constant capsule tension is being main-
tairned.

b Traction folds signify concomitant mo-
tion of the capsule, ie., that the insiru-
ment has “snagged" the capsule and is
dragging it. Capsule tension increases on
the side of the folds,

¢ I Lhe capsule is stiffened by a fibrotic
plague, traclion felds may nol appear, so
excessive lension is not easily recognized.
The border between the plaque and nor-
mal capsulz is prone to tearing due to the
difference in clasticity. The main risk of
rupture exists In motion away from the
plague margin {R}; motions parallel to the
margins of the fibrosis (S) are safest

s
N— ¢

the capsule itself. *® Since the oper-
atar has no appreciable tactile feed-
back, he must rely on visual criteria
when deciding how much force to
apply. The forces produce an fnden-
tation of the capsule, recognizable
by a circular edge reflex whose dis-
tance {rom the sitc of instrument
contact indicates the depth of the
indentation (Fig, 8.99a).%*

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

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

The fibrotle plaque itself is not
easily removed. Its anterior surface
is smooth and is conlinuous with

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

% The capsule cannot be made tense un-
less the zonule is inlact, Subluxation of
the lens or zonule weakness due to pseu-
doexfoliation can make it impossible to
polish the capsule,

3% A lax capsule (e.g., following removal
of a giant nucleus} requires considerable
indentation. Visual monitoring then be-
comes difTicult becanse adequalte indenda-
tion may move the contact site out of the
focus of the microscope, so refocusing is
required. Also, the focalized “dimple™ in
the posterior capsule becomes less pro-
nounced, so the circular edge refiex is
weak, Hence it is dapgerous to use sharp-
edged polishing instruments, and a lax
capsule is preferably polished with a blunt
instrument that touches only the surface
of the corlical fibers.
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Posterior Capsulotomy

The main difference between anteri-

or and posterier capsulotomy is”

that the anterior capsule overlies
lens matter that may be damaged
without compromising the surgical
goal, since its removal is already
planned. However, the posterior
capsule overlics eftreons, which
must be preserved. HEvery effort is
made, therefore, to direct a mini-
mum of force posteriorly in a
planned posterior capsulotonty.
Crifing with knives or scissors
tends to produce force vectors di-
rected toward the vitreous. The saf-

» est way to open the posterior cap-
sule surgically is by rearing, where

applied forces ecxert @ grasping
function and separation is directed
paralte! to the capsule surface. 50
Because the -capsule itself is
grasped, contact between the insiry-
ment and-capsule must be stronger
than in pelishing. Traction folds are
a positive sign, indicating that the
desired effect is being achieved. The
contact area’ beiween the insiru-
ment and capsule should be very
small to achieve a maximum con-
centration of pressure. If sharp-
edged instruments are used for this
purpose, they do not act as cutting

Fig. 8.100. Pasterior capsulofomy by tear-
Ing with a discission kaife

a The kuife is applied (o the capsule at
an angle () of approximately 45°.

b “The blade angle is increased to $0° to
oplimize [rictien at the contact site.

¢ The knife is guided in a sweeping mo-
tion parallel to the capsule sucface. Note;
The instrument is used not as a knife but
as a ‘“‘grasping instrument® which tears
rather than cuts the capsule.

- d Lateral sweeping motion produces tear

Fig. 8.101. Posterior capsulotomy using an
aspirating cznnula with an angled tp

a The cutermost tip of the cannuta is bent
toward the beveled surface Lo form a hook.
The 1ip should not be longer than the
thickness of the capsule {4).

b The beveled surface of 1he cunnula is
placed against the capsule, sinking the
hook inte the tissue. Gentle suction aids
the lixation of the capsule 10 the cannuia
so that the fixating force vectors are di-
rected away from the vitreous rather than
toward it. Note: If the cannula has a very
flat bevel, the distance I from the apening
io the tip (and (hus to the capsulotomy)
is large, so the risk of inadverteotly aspi-
rating vifreous is decreased.

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

B

instruments but as ultrafine contact

" spatulas that first grip and then tear

the tissue (Fig. 8.100). The “grip”
can be improved by suction
(Fig. 8.101). Once the capsule is
opened, protection of ihe anierior
hyatoid is aided by allowing aque-
ous or viscoelastic material to flow
into and widen (he interspace
(Fig. 8.102).

% The principles governing the applica-
tion of taser light to the capsule are dis-
cussed in Chap. 2.3.
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Fig. 8.102. Posterior capsulotomy using an
Injecling cannula with an angled tip (infec-
tion of viscoekastic material)

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

b Visceelastic material is infected over the
proposed capsulotomy site.

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

& The cannula is pushed along 1he capsule
surface, raising a tissue fold that is en-
gaged by the shaep tip.

e The cannula is lifted and tears open the
capsule. This lifting maneuver creates a
suction effect that draws viscoelasiic mate-
rial from the anterior chamber beneath the
capsule. Additiona} viscoelastic maleral
can then be actively injected beneath the
capsuls to protect the anterior hyaloid.

[ The capsulotomy is enfarged by a sweep-
ing motion of the cannula

Mlanagement of Incarcerations
of the Posterfor Lens Capsule

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

1t the suction is on, the pressure
in the aspiration system is lower
than in the vitreous spice, and the
lens capsule is sucked into the aspi-
ration port (Fig. 8.103a), where it
is apt to be torn.

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

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

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

aspiration port (Fig. 8.104a}. Only
in a pressureless system can the in-
fusion be exploited to repel the cap-
sule, provided short bursts are used
which infuse so little volume that
no pressure inerease can  resulbt
(Fig. 8.105).
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Fig. 8.103. Effect of pressure differentials
on the bebavlour of an occluding lens cap-
sule

P,, oulflow pressure

Py chamber pressure

P, vilrcous pressure

a Il the pressure in the precapsular space
(aspiration system) is lower than in the re-
trocapsular space (vitreous chamber), the
oceluding membrane is sucked into the as-
piralion port.

b 1€ the pressure in the aspiration syslem
becames higher {through back-flush), the
membrang is pushed back and occlusion
no longer exists.

¢ If the pressures on both sides of the
membrane are equal, the (ension of the
capsule determines whether the frictional
resistance between the incarcerated cap-
sule aud the aspiration port can be over-
ceme and the capsule released

Fig, 8.04. Releasing an incarcerated cap-
sule without back-flush

a If the aspiration is stopped and the pres-
sure in the aspiration system is brought
ta zero, there will bs a pressure differertial
at the aspiration port if the infusion
stream conlinues and Leeps the infraceu-
tar pressure aboave zero

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

Fig. 8.105. Retzaction of the pesterior lens
capsule in a pressureless system

Bursts of infusion so shorl that they can-
ot taise the intraccular pressure increase
Ihe tension of the capsule and allow for
retraction of the membrane

4! This is true only if the pressure in the
vitreous chamber is zere. If there is posi-
live vilreous pressuve, only the pressure
it the anteror chamber becomes zero.
There remains a pressure differential at the
aspiration port, and there is no way 1o
repel the incarcerated capsule {unless one
succeeds in providing a back-Ttush with
préssures above those in he vitreous).
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8.106

Management
of Posterior Capsule Rupture

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

If the anterior hyaloid remains
behind the capsule, the surgery may
proceed as for a planned capsulo-
tomy, This uncomplicated situation

- is recognized by observing the mar-
gins of the tear, which should retain
their original linear or sharply an-
gulated shape (Fig. 8.106a).

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

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

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

If the operating plan prolibits
definitive closure of the anterior
chamber (e.g., prior to the insertion
of ant IOL), the pressure in the ante-
rior chamber cannot be raised; fluid
injection has no effect. If air is in-
jected in this situation, it functions
less as a space-tactical instrument
than as an expanding spatula. The
bubble presses on the prolapsed vit-
reous only from above, so it is effec-
tive for flattening the prolapse but
it will not necessarily reduce it
(Fig. 8.107).%2 For reducing a pro-
lapse with viscoelastic substance, the
material is injected first around the
sides of the prelapse to reapproxi-
mate the everted margins of the le-
sion (Fig. 8.108). The viscoelastic
ring ¢contains the material that is in-
jected [ater towards the cenler in
orcter o direct so that is directed
the prolapse back theough the cap-

sule tesion.®? Once Lhe torn mar-
gins of the capsule are fully reap-
proximated, the reduction is com-
plete (Fig. 8.1064a).

If the anterior hyaloid is ruptured
and the vitreous prolapse is not re-
ducible by the method deseribed,
reduction must be accomplished by
deereasing the vitreous volume, i.e.,
by anterior vitrectomy.

2 The main advantage of having air over
a flattened vitrecus prolapse is that the
bubble defines areas in the anlerior
chamber that are devoid of vitreous and
so are available for surgical manipula-
tions. Note, however, that vitreous may
reappear in the anterior chamber follow-
ing absorption of the air in the postopera-
live period.

¥ In this fieal phase of the reduction
when cnly downwaed-direcled forces are
needed, air can alse be injected over the
viscoelastic materiat. This can be doné as
soon as the capsulac tear has lost ils circu-
lar shape and its masgins have started to
move tloser together. .

- —

Fig. 8.106. Behavior of the breached poste-
tior capsule .

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

b If vitccous prolapsgs through the
breached capsule, it will separate the mar-
gins of the lesion, which now appears cir-
cular dug to the interaction belween the
evenly disiributed forees of the protruding
vitreous and the evenly distributed resis-
tance of the capsule

Fig. 8.107. Attempt fo reposition intact
protapsed vilreous with alr
a An injected air bubble compresses the
prolapse from above and will reduca it if
the anterior chamber is clesed and the
pressure can rise there %,

b If the anterior chamber is nol complete-
ly walertight, expansion of the bubble will
cause a compensatory loss of agucous.
The prolapse is flattened but not reduced.
< With a large profapse, there is insufli-
cient aqueoaus 1o compensate for the vol-
ume shift, and ihe expanding bubble will
tend to expel vitreous from ihe eye rather
than reduce the profapse

Fig. 8,108, Reduction of an intacl vlireous
prolapse with yviscoclastic materfal

& Starting from the periphery of the cap-
sule and working toward the center, a
“yiscoetastic spatula® is injected toward
the everted capsule margin to push it back
toward the prolapse and hold it in place.

b This procedurs is continued all around
the lesion until the capsule marging arg

so posiliored thal pressure from ahove-

will no longer evert them. Contained in
this way by viscoclastic matesial, the pro-
lapse can only move downward when
cempressad rem above.

¢ Finally viscoelastic material is injected
onto the prolapse ftom above, elfecling
the reduction

5% Note; As the pressure rises the air bub-
ble is compressed. Successful pressurs in-
crease, then, is recognizable by a discrep-
ancy between the amount of infecled alc
and the resulting inceease in bubble size.

-

-
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Fig. 8.109. Space-factical situations after
evacuation of the capsular bag

a Obliteration of the retroiridal subcom-
pariments. Any ferward motion of the di-
aphragm following evacuation of the cap-
sular bag will restrict the inlerspaces be-
tween the iris, antesior capsule, and poste-
rior capsule,

b Reformation of the anterior chamber
with watery fluid. As the anterior chamber
is repressurized, the posteror capsule is
restored to ils anatomic position. The po-
sition assumed by the iris and anterior
capsule remnanis depends on their tissue
tension. The iris moves onlo the plane of
tke iris rool. The tension of 1he anterior
capsule remnants depends on Lhe sizc ag
shape of the capsulectomy. 8% .
¢ Obliteration of the suhcomparimenis by
air injection. The air pressure chamber
opens the chamber angle but depresses the
irs against the capsule layers, narrowing
the spaces between them.

d Sclective reexpansion of the subcom-
partments by Enjection of viscoetastic ma-
terial into the chamber anple (4), the iri-
docapsular interspace (#), and the inter-
capsular space {C}.

¢ Scparation of the anterior and posterior
capsule’layers n the presence of a small
capsulotomy. Total visco-occupation of
the collapsed capsular bag restores its
shape and increases its tension

®* A plin crcular capsufectomy may
leave the capsule reminants tense, whercas
an cxcision with angled or jagged edges
relieves lension and leaves lags of tissue
that float in a watery medium.
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Measures onf the Lens Capsule
Relating to the Insertion
of Intraccular Lenses

The iridocapsular and inlercapsular
spaces may become obliterated fol-
lowing cvacuation of the capsular
bag. The anterior capsule tends to
falt back onto the posterior capsule,
and both capsule layers may appose
to the undersurface of the irs
(Fig. 8.109a), This makes it diffi-
cult to position a retropupillary
[OL accurately.

Selection of Pre- aind Intercapsitar
Insertion Sites

Selective reopening of the desired
intraocular compartment for posi-
{joning the supporting loops of an
IOL is a problem of spatial tactics.

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

Basically, atr injection merely en-
larges the antedior chamber. It re-
moves the corneal endothelium
from the field of manipulations and
widens the chamber angte. How-
cver, the iris and capsule layers are
pressed backward as a unit, and the
interspaces among them are com-
pressed (Fig. 8.109¢).

Fig. 8.110. Selective placement of viscoe-
lastic mateial in the irldecapsular or inter-
capsular interspace

& Expansion of the fridocapsular inter-
space. The canoula tip elevates the ids
away {rom the anlerior capsule, and the
viscoelastic material is injected toward the
undezsurface of the iris. This presses the
anlerior capsule against {he pestesior tap-
sule and prevents viscoelastic material
from entering the space belween the cap-
sule layers.

b Bspansion of the intercapsular space.
The posterior capsuls is pressed back
away from the anterior capsule by Frst
injecting the viscoelastic materia toward
the center of the posterior capsule (ceater
of the pupil). From there the material
spreads peripherally along the surface of
the posterior capsuls, thereby expanding
the space betwzen the two capsule layers

The differert compartments can
be selectively shaped with viscoelas-
tic materials. The iridocapsular and
intercapsular spaces -can be ex-
panded segmentally- or over their
whele circumference (Fig. 8.109d,
).

The selective placement of visco-
elastic material inte subcompart-
ments is casy il the remnants of the
anterior capsule are plainly discern-
ible. However, i the capsule rem-
nan(s are not accessible, the visco-
clastic material may be injected to-
ward the adjucent membranes, i.e.,
toward the iris to press it forward
or toward the pesierior lens capsule
to press it backward (Fig. 8.110}. If
the posterior capsule is breached,
the rupture site must first be tam-

55 Requirements in this regard depend en
the tevel of the vitreous pressure, for an
equal level must be eslablished in the ante-
tior chamber to restore a normal chamber
depth and normal unatomic relalions
within the eye.
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Fig. 8.111. Expanding the peripheral com-
partments following rupture of the posterior
capsule

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

b This prolapse, often invisible within the
viscoelastic medium, prevents the place-
ment of [OL haplics behind the iris.

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

ponaded before the subcompart-
ment is expanded peripherally (Fig.
8.111).

The use of viscoelastic materials
has the additionat benefit of in-
creasing the tension of the capsule
and smoothing it out so that im-
plants can glide over the capsule
surface without becoming snagged
in folds. Further, *visco-accupa-
tion” of the anterior chamber can
immobilize the implant in any posi-
tion along its insertion path without
the need for instrument fixation.
Thus, malposition of an implant
during insertion can be corrected by
releasing the 101, reorienting it, re-
grasping it in a better position, and
guiding it optimally to the implan-
fation site.

The increased resistance of the
viscoelastic material, however, can
cause the implant fo deviate from
the intended path during insertion
either at the surface or within the
viscoelastic bolus itself. Defection
at the interface between a liguid and
viscoelastic medivn (Fig. 8.112) is
best avoided by eliminating such in-
terfaces altogether, i.e., by placing
the viscoelastic material along the
entire insertion route from the cor-
neoscleral incision to the implanta-
tion site. If the implant must tea-
verse an imderfuce, the degree of the
deflection is minimized if it is
passed through at an angle ap-
preaching 90°,

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

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

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

If the resistance of the viscoelas-
tic material is too high in relation
to the elasticily of the haplics (as
in implants with a large optic por-
tion), it becomes impossible to in-
sert the implant by manipulation of
the haptics. The larger the optic
portion, the more one has to rely
on technigues in which the implan-
fation instrument grips the optic
portion of the IOL directly
(Fig. 8.114).

a.112

8.113

8114 b
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Fig, 8.112. Defection of soft haptics at the
Inferface belween liguld and viscoelastic
media

a I viscoelastic material has been injocted
only into the deep portions of the anterior
chamber, the resislance at the interface is
higher on the side of the viscoclastic mate-
rial {wide arrow) than on the side of 1he
watery fluid (rhin arrow}). Deoformable
haptics are deflected and cannot be in-
serted behind the iris.

b 1f the visceelastic material forms a con-

‘tinuous medium {rom the corneal incision

te the destination, 1he haptics encounter
equal resistances sbove and below, and
deflection does not occur

Fig. 8.113. Deflection tendencles within the
viscoelastic medium. [ the haptics are posi-
tioned at an angle Lo the optic portion of
ihe implant, they wilt encounter asymmet-
#ic resistances when the implant is moved
on the plane of the optic porlion. Resis-
tanca to the motion of the haptic (mediun
arrow) has a component that exerts an up-
ward force on the haptic {wide arrow)

Fig. 8.114. Overcoping viscoelastic resfs-
tance o the aptic portlon of an IOL

a Viscoelastic material in the capsular bag
ofters high resistance against placensent of
ihe laege oplic portion of an implant.

b This resistance can be overcome by
pressing the aplic portion downward with
a spatula.

¢ The implantation forceps itsetf, if pro-
peidy shaped, can be used to exert counter-
pressure on ihe optic portion of the IOL.
Mots that while in a the haptic is gripped
with the tips of the forceps, here it is
gripped farther back on the loreeps, whose
tips can then project over the optic portion
and push it down.

d Here the optic portion is seated with a
latcrally applied insertion spatula whese
front surface has a guide slot. (The back
surface of ihe spatula is hook-shaped for
eetraction of the inls and tens capsule)
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Artificial Capsule
for Aiding IOL Insertion

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

Fig. 8.115. * Air sandwich™ as an artificlal
Tens capsule

a A proleclive layer of viscoelastic materi-
al is placed ever the vileeous surface, This
layer should just cover the anterior hya-
loid as a protection. If 100 much materia)
is injected, there will be insufficient vol-
ume for 1he subsequent injections dugin

stepsb and e. -

b An air bubble is injected above that
layer.

¢ Ancther [ayer of viscoclastic matedal is
injecied above the air bubble, pressing the
bubble down behind the pupil.

4 The haptics of the intraocular lens glids
along tha bubble surface into 1he cifiary
sulcus. The buoyansy of the bubble keeps
the optic portion of the implant elevaled
and holds the IOL against the undersur-
face of the iris

If the lens capsule is absent fol
towing an intracapsular delivery or
an extensive tear of the posterior
capsule, an artificial guide surface
can be formed by wilizing the mem-
brane-like properties, of interfaces.
This is done by injetting an air bub-
ble behind the pupil ard holding it
in place by filling the prepupillary
space with wviscoelastic material
(Fig. 8.115). The haptics of the im-
plant are applied to the surface of

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

9 Anterior Vitrectomy

9.1 General Problems
of Surgical Teclmique

Axterior vitrectomy in the present
context refers 1o the excision and
removal of dislocated vitreous tis-
sue, i.e., of structurally normat vit-
reous that has accidentally pro-
lapsed from its natural position into
the anaterior chamber or even out
of the eye.! The major clinical
problem in such vitreous disloca-
tions are adhesions on anterior seg-
ment tissue surtaces (wound, poste-
rior corneal surface, iris), which
may transmit iraction to the retina
in the postoperative period,

The goal of anterior vitrectomy,
then, is to eliminate such adhesions
and ensure that no new adhesions
will forn. This means that ¢xisting
vitreous adhesions are cleared, vit-
reous that has prolapsed into the
anterior segment is removed, and
sulficient volume is removed from
the vitreous chamber itself ta en-
sure that no additional fibers wil
herniate back into the anterior seg-
meint.

The prevention of adhesions is a
matter of protecting tissue surfuces
from vitreous contact, and this is
a problem of surface tactics.
Viscous and viscoelastic protective
coatings are an efiective prophylax-
is whenever the possibility of unde-
sired vitreous condact is anticipated.

From the standpoint of surgical
technique, vitreous is a difficull tis-
sue to manipulate. It is ot compact
enough to be held with a grasping
instrument {e.g., forceps}, it is not
sectile enough 1o be cul with pre-

cision, and it tends to adhere to tis-
stie or instrument surfaces with
which it comes in contact.

Vitreous can be grasped with suc-
lion instruments such as sponges or
aspiration cutters. When sponge
swabs are used, the sucking force
of capillary attraction is reinforced
by the tendency of the vitreous to
adhere to the rough surface of the
sponge. However, sponges are difli-
cult to control as grasping instru-
ments — the amount of vitreous
grasped is difficutt to define, and
material that has been grasped can-
not be released. Moreover, the vol-
ume of the sponge expands through
fluid uptake, and its rough surface
may scrape against delicate intra-
ocular tissues such as the corneal
endothelium. Conseguently, sponge
swabs are best suited for use on the
ocular surface. For culting the vitre-
ous, instruments are needed which
limit shifiing of the tissue in front
of the cutting edge and thus im-
prove its sectilily. Scissors must
have long blades to compensate for
forward shifting of the vitrecus by
the culting peint.? For optimum
cutlting eflfect, scissors should be ap-
plied at sites where the shifting ten-
dencies of the tissue are con-
strained, e.g., close 1o a grasping
sponge or at the margins of an in-
carcerating incision,

In suction culting instruments,
the cutting action is mest efficient
when the blade is either applied di-
rectly at the site where the tissue
is held Fast by suction (see Fig. 2.88)
or when the blade moves so rapidly
that the inertia of the tissuc keeps
it from shifting (see Fig. 2.89). Ow-

ing 1o their small dimensions, suc-
tion cutters are cxcellent for use in
the interior of the eye. They are less
suitable for use on the ocular sur-
face, for there the vitrcous layer is
too thin for establishing and main-
taining occlusion. Air is aspirated,
and once this occurs, control of the
suction is lost.?

Al manipuations on the vitreous
are associated with traction. The
potential for stress transfer from
vitreous 1o retina thus depends on
anatomie factors, i.c., the distensi-
bility and resistance of the vitreous
fibers and the conditicn of the vit-
reoretinal attachments.

Relatively compact vitreous with
a homogeneous structure (Fig. 9.1a)
can transmi{ traction to the retina
regardless of the site where the trag-
tion s applied (Fig. 9.3a). If the vit-
reous is differentiated into a rela-
tively fAuid center surrounded by a
more compact cortex (Fig. 4.1b),
traciion on the central viteeous will

1 By contrast, posterior vitreclomy is con-
cerned with pathologie vitrecus structures
thal have remained in heir natural com-
partment.

? Conversely, scissors with short blades
are apprapriate for posierior segment vil-
rectomy, because thera the targets are fi-
brolic strands 1hat an: more sectile than
normal vitreous.

3 Air bubbles, untike Muid, are distensible
and compressible. They behave as clastic
cushions that can store energy and release
it abruptiy. Phases of inadequate suction
{below the instrument setling} alternate
with phases of excessive suction {above the
instrument setling), posing a danger to
neighbaring tissues (analogous to elastic
tubing, see Fig. £.9). Once air bubbles
have gained entry, the instrument and tub-
ing system must be purged of air before
Teuse.



0%

a1

92

9.3

9.4

Anterior Vitrectomy

I

I

General Problems of Surgical Technigue 09

-

Fig. .1. Structere of the vitreous®

a In youth the vitreous has a practically
homogeneous structure with no demarca-
tion between the central viteeous and cor-
tex. Al the vitreous tissue is semisolid aad
therefore distensible while still being strue-
turally cohesive.

b With aging, the vitreous undergoes a
structural change characterized by the de-
marcation of a semifluid central subsiance
and a relatively compact cortex. This car-

tex forms & 1-3 mm thick layec lining the
entire retina (dark gray). The central sub-
stance exiends to the ciliary epithelium an-
ferior to the ora serfata and is bounded
in front by the anterior hyaloid,

¢ In posterior vitreous delachment, the
retinal sucface loses contact with the vitre-
ous as far as ihe poslerior boundary of
the vitreous base. The compact vileeous
cortex remains adherent only to the most
peripheral parts of the retina

Fig. 9.2. Stracture of a vitreous prolapse

a [n young patients the prolapse contains
fibers that can transmit teaclion directly
1o the retina.

b In adult patients the prolapse consisis
of the semiftuid ceniral substance while
the peripheral cortical fayers (and their
connections with the retina) may remain
unaffected.

¢ In posterior vilreous detachment (he
prolapse alse includes cordex (hat has
sirong connections with the peripheral sot-
ina

Fig. 9.3. Status following resection of the
external vitreous prolapse. Patterns of vit-
reous ircarceralion where management of
the prolapse has been confined {0 excision
of the expelled lissue and subseguent
wound closure.

a In young patients the incarcerated vitre-
ous contains relalively tense fibers that
have direct attachments with the entire
retinal surface. .

b Incarcerated adult vitreous contains lax
fibers that have attachments with the un.
displaced vitreaus cortex. Fhis cortex muy
act as a buffer against the transmission
of tension from the wound to the retina.

¢ Following posterior vitreous detach-
ment, the cottex and the posterior hyaloid
are incazcerated in the wound. Any subse-
qusnt contraction of the cortex will mainly

. affect the vitreous base on the apposiic

side of the wound {arrow)

Fig. 9.4. Critesia for an adequale anterior

vitrectomy. Resection of a volume suffi-
cient 1o prevent recurrence of 1he prolapse.
a If the vitreous is semisolid, its relatively
compact siructure makes postoperative re-
lapse unlikely, so resection of anly a smail
parl of ihe retrelenticular vitreous may
sulfice.

b With a liguid central vitreous, there is
a greater danger of relapse, so a greater

# For deiails see (. Bisner, Clinical anato-
my of the vitreous, T.D. Duane and E.A.
Jaeger, Biomedical Foundations of Oph-
thaimology, Harper & Row, 1982, Chap.
16.

volume of the centra{lsubstance has to be
removed. However, the cortex and its con-
neclions to the retina must not be dis-
turbed. ’

¢ Following pastesior vitreous detach-
ment, anterfor vitrectomy becomes a sub-
telal vitrectonty that leaves only a narrow
rim of cortex alang the vitreous base

* In juveniles the.posterior limit of the vit-
reaus base is at thic ora serrala, so the cor-
tex can become déiached as far as the ora
serrata. With aging, the vilreous base mi-
grates toward 1he equator, s¢ vilreous de-
tachment lerminates somewhere between
the vra serrata and equator.

have little effect since stress transfer
through a fluid mediwm is poor and
is additionally buflcred by the cor-
tex. Howeaver, direct traction on the
cortex is transmitted extensively (o
the retina (Fig, 9.3b). In witrecus
detachment (Fig.9.1¢), the cortex
remains aftached to the retina only
at ihe vitreous base.® Consequently
traction is transferred only 1o the

aetinal periphery while having no

cffect on the posterior segments of
the retina (Fig. 9.3¢).

Thus, the nature of the vitreous
structure has a major bearing on
the management of vilreous pro-
lapse. From the standpoiat of surgi-
cal tactics, there is a basic disting-
tion between:

- the prolapse of nondetached vit-
reous (structurally homogeneous
or differentiated into central sub-
stance and cortex, Fig. 9.2a and
b) and

- the profapse of detached vitreous
{Fig. 9.2¢).

The prolapse of nondetached vitre-
ous involves the herniation of cen-
tral substance. Depending on the
compactness of the tissue, traction
on the prelapsed vitreous may ei-
ther have no ellect, or it may jeop-
ardize all portions of the retina
(Fig. 9.3a, b). With the prolapse of
defached vitreops that includes the
kerniation of vitreous cortex and
posterior hyaloid, traction wifl en-
danger the peripheral retina but will
niot threaten the posterior reiina
(Fig. 9.3¢).

Regarding the quantity of vitre-
ous that must be excised to prevent
a4 recurrence of vitreous prolapse
into the anterior segment, it 1s sulli-
cient to remove the anterior central
substance in the rendefached vitre-
ous (Fig. 9.4a, b). In the derwched
vitecous, however, the excision
should include the detached vitre-
ous cortex while leaving only the
porlion attached at the vitreous
base (Fig. 9.4c).
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9.2 Strategic
Decision-Iaking Criteria
in Vitreous Prolapse

Vitreous prolapse results from a
rise of pressure in the vitreous
chamber. The sorrces of this pres-
sure rise may be external factors,
wlhich act on the globe from the
cutside, or internal factors that ar-
ise within the cye itsell. Each of
these two causes demands totally
different responses from the sur-
geon. Thus, when vitreous profape
is recognized, it is important to es-
tablish at once whether external or
internal factors arc.causative.

The external factors are deform-
ing forces which indeant the scleral
coat of the vitreous chamber (see
Fig. 1.42¢) or forces which press
the diaphragin downward (see Figs,
1.53, 8.2a). Usually the external
cause can be eliminated quickly,
whereupon the vitreous pressure
will return spontanecusly to the
previous level without any further
intervention by the surgeon. Once
the vilreous pressure has retuencd
to a low level, there is no danger
of further vitreous loss.

The situation is quite different
when the prolapse is caused by in-
ternal [actors. Here the mass eflect
in the vitreous chamber is cansed
by a pressure rise in the retrocho-
roidal space secondary to extrava-
sation from the choroidal vessels
{expulsive hemorrhage).® This ex-
travasation witl persist until the in-
traccular pressure equals that of the
[eaking vessel. Treatment strategy,
then, aims at raising the intraccular
pressure  to a  sufficient level
promptly before too much of the
ingraccular volume is expelled.

The Rowchart in Table 9.1 shows
the decision-making criteria for the
intraoperative management of vit-
reous prolapse. . there is the least
suspicion of expulsive hemorrhage,
the incision should be closed at
once and secured against the fur-

ther expulsion of vitreous. Only
then may the situation be assessed
in detail. First, any external de-
forming Ffactors are eliminated,
Subsequent measdres are deter-
mined by the intracgular pressure:

If the pressure falls afier ¢limina-
tion of the external factors, the pro-
lapse obviously was caused by
them, The incision may be re-
opened, and further measures con-
sist in evacuating the herniated vit-
reaus. The essential problem is one
of valume. p

If the intraccular pressure is Figh,
choroidal hemorrhage is presumed,

and the incision should remain

Table 9.1

closed. Further measures are di-
rected toward lowering the pressure
in the retrochoroidal space while
raising the pressure in the vitreous
chamber. The essential problem is
one of pressure.

% The rate of expansion of the retrochoroi-
dal space depends an the pressure in the

-, bleeding vessel. Thus, the rate of vilreous

profapse is high with bleeding from the
larger ciliary arteries bul is much slower
with venous bleeding.

Vilreous prolapse

Etinlogy unglear
|

/ Fressure \‘

Low: Lixternal cause

Bigh: Internal cause

Remmove vitreous from taiget . i
compartment L
Prevent recitr

“Replate volume _rginb've'd._ :

Problem:
Volume

| Problem:
Fiessure

9.3 Anterior Vitrectomy
for Vitreous Prolapse
Caused by External Factors

The anterior vitrectomy consists of
four phases (Fig. 9.5):

— removal of extraocular vitrcous;

— removal of vitreous from the
wound surfaces;

- removal of vitreous from the an-
terior chamber;

— clearing of an additional volume
(“*safety zone”') adequate 10 pre-
vent postoperative recurrence.

Fig. 9.5, Paris of a vitreous prolapse re-
moved by anlerior vitreciomy

1 Extraocular prolapse

2 Prolapse within the incision

3 Prepupillary prolapse

4 Retropupillary safety zone (sco Fig. 9.4)
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Extraocular vitreous is.removed
as close to the ocular surface as pos-
sible so that all the prolapsed tissue
is excised. The technique of this
phase varies according to whether
the incision is closed or open.

In a tightly closed incision the
profapsed vitreous is incarcerated
between the wound lips, and {rac-
tion on its exterior pertion will not
be transmitted into the eye interior.
Therefore, maximum traction on
the prolapse is safe and can be used
for exploiting the retractile ten-
dency (see Fig. 2.64) to place the ex-
cision as close to the ocular surface
as possible. The scissor cut is made
directly over the wound, where sec-
titity is greatest owing to the incar-
caraled tissue; i.e., the cul is made
far from the grasping sponge
(Fig. 9.6b).

With an open Incision, any trac-
tion on the profapse may jeopardize
the intraocular tissues, so all mea-
sures should involve a minimemn of
traction. Sponge swabs grasping the
prolapse should be lifted just
enough to allow scissors to be ap-
plied; thereafter they are held sta-
tionary. The scissor cul is made ad-
Jacent to the sponge (Fig. 9.6¢).

In each of the two situations
above, different means are used to
control the extent af the vifrectomy.
With a closed incision, the quantity
of excised vitreous cun be in-
fluenced by traction to the prolapse.
But with an open wound, the ex-
cision is limited basically to vitre-
ous that is adherent to the sponge,

c

so the extent of the excision is in-
creased by repeating (\he grasping
and cutting mancuver.

Vitreous removal from the wound
surfaces is effected by applying out-
ward or inward traction, For an ab
exterto removal, the upper part of
the prolapse is freed by elevating
the upper flap of the incision. Then
the prolapse itself is grasped with
sponge swabs and wiped from its
attachments with the lower wound
surface. Al the wound angles, how-
ever, the upper flap cannot be
raised enough to provide sufficient
space for maneuvering the sponge.
Thus, removal of vitreous incarcer-
ated at the angles may require a lat-
eral extension of the incisions

Fig. 9.6. Removal of prolapsed vilreous
from the outer surfage of the eye

a The vitreous s prasped with a sponge
swab right at the incision so that the pre-
lapse can be resected as close (o the ocular
sirface as possible.

b If the incision has been <losed, the vitre-
ous is lifted with the sponge and put on
maxineal steeteh 1o exploit its retractile
tendency (large arrow). The scissors are
pressed close fo the ocular surface when
the resection is performed (swall ariow).

¢ If the incision has remained open, the
vilrecus is lifted only slightly, and the
scissors are applied elose to the sponge.
The intent is mercly to free the vitreous
adherent Lo the sponge from its interior
connections while exerting as lidtle traction
as possible (resected tissus: Gray)
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Fig. 9.7. Freelng itreous Incarcerated be-
tween the wound lps. Exteasion of the
wound for gaining access to the lateral
eidges of ihe prolapse.

a Vitreous is incarcerated to the outer-
most corners of a wound with a given
Iength £,

8,2 Hinge axis.

(Fig. 9.7a). The new hinge axis will
then aliow the flap to be raised
above the lateral borders of the pro-
lapse (Fig. 9.7b, ¢), reducing fric-
tion and facilitating the lysis of ad-
hesions, and all wiping maneuvers
with the sponge can proceed from
clean wound surfaces toward the
prolapse. Vitreous removal by in-
ward traction relies on an indirect
transfer of forces. But this transfer
is hampered by the extreme compli-
ance of the vitreous, so forces are
most ¢ffcctive when applied at sites
where the compliance of the vitre-
ous is reduced by other tissue (i.e.,
where the vitreous surface is cov-
ered by iris, Fig. 9.8) or by an in-
strument (e.g., an air bubble, Figs.
9.9, 9.10).

When vilreous is removed from
the anterior chamber, unnecessary
traction can be avoided only when

b The extension moves the hinge axis
from &) to §,, The new hinge position
allows the upper wound surface to be
raised from the lower wound surface
beyond the lateral edges of the prolapse;
now the weund surfaces lateral to the pro-
lapsg arg free of vitreous. Further with a
more posicrior pesition of the hinge, 1he
cornedl endothelium on the fold §s moved
away from the range of action of the
sponge swab.

the grasping and cotting instru-
ments are introduced into the
chamber, Vitrectomy with sponge
and scissors basically follows the
technique shown in Fig. 9.6¢, ex-
cept that there are preater space
limitations, and expansion of the
sponge threatens surrounding tis-
sues (Fig. 9.11a). Providing suffi-
cient space for safe. maneuvering
may require wound extension,
which not only will give better ac-
cess for insertion of the instruments
but witl also protect the endothe-
lium at the hinge fold by moving
the hinge axis out of the danger
zone for manipulations (Fig. 9.7b).
All vectors of instrument motion
are directed away from the posteri-
or corneal surface.

The use of a swction cutter
(Fig. 9.11) largely eliminates the
problem of restricted space. Trac-

¢ Clearing the vitreons zdhesions begins
by wiping the sponge frem the vilreous-
free wound surfaces toward the center of
ihe prelapse. The optimwn direction for
this action js parallel to the wound line
for separating the adhesion (A) and hori.
zontally away from the wound margins for
applying traction (#). Motion toward the
wound () or upward (toward the upper
wound surface, D) jeopardizes the endo:
thelium

tion effects are minimized by using
a high cutting frequency.”

For the removal of retroiridal vit-
reous, the instruments must be in-
serted behind the iris. The sponge-
and-scissors technique requires that
the incision be widely opened so
that the hinge axis is beyond the
pupil margin (.., far more than
180°).8

" The relationships between cautting fre-
quency and suction are discussed on p. 84,
A traction-free vitrectomy is iniliated at
a high cuiting frequency, and the fie-
quency is gradually reduced until a suction
effect is apparent,

# This mcthod may be used, therefore,
when vitsectomy is performed in conjunc-
tion with a perforating keratoplasty.

Fig. 9.8. Freeing Incarcerated vitreous with
a spatula tonard the Inside. With the
wound closed, a spatula is inserted be-
neath the prolapss. For access therg must
be an adequate distance (D) ftom the inte-
rior weund cpening te the iris root.

& Principle of the method: A slender spat.
ula is passed beneath the prolapse and
swept foward the center of the aatedor
chamber.

V78

Fig. 9.10. Use of double air bubble in very
compliant vi{reous

a The viteeous may be so compliant ihat
an air bubble placed beneath Lhe incarcer-
ation (i.e. at the chamber angle) merely
streiches it without extracting it from the
ingision.
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b A spatula thin enough to be introduced
into the nacrew interspace between 1he in-
ner wound lip and chamber angle presents
such a small surface area that the vitreous
structures may yield to the spatula more
readily than the vitreous adhesent to the
wound surfaces. Thus, the sweeping ma-
neuver is more ¢ffective when the deep sur-
face of the prolapse is covered by everted
iris, and the spatula can engage against
its compact surface

b Vilreous compliance is exhausted by in-
jecting a second large bubble above the
incarceration (ie. between the corneal
dome and the surface of the prolapss),

L0
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Fig. 9.9, Freeing the incarcerated vitreous
with 2n air bubble

a If iris does not cover 1he vitscous sus-
face, an air bubble tan be used as a *'bul-
lous™ spatula to apply force to the pro-
lapse more diffusely.

b The cannula s passed below the pro-
lapse, and air is injected

&

¢ Thus immobilized, the incarcerated vit-
reous can be pulled from the wound with
a sweeping motion of the cannula. The
two bubbles will coalesee when the incar-
ceralion is relieved
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Tfig. 9.11. Evacuation of vifreous {rom the
anterlor chamber. Removal of prepupillary
vitreous {inser).

a A large incision is required for insertion
of the sponge swab and scissors; the space
must also be sufiicient for the anticipated
expansion of the spenge. Motions of the
sponge parallel to the ids plane, oulward
(), and lateralty () pose the least danger
te the endetbelium. Motion ditections in-
ward or upward (black arrows} are the
most hazardous.

b Use of a suction cuiter. Motion of the
instrument is toward the pupil so that no
vitreous is dragged against tissue surfaces
to which it could adhere. The incision is
held open so that air can enter and facilj<
tate evalualion of the extent of the anted-

or vitrectemy. However, the aspiration

port of the cannula should not come in
contact with air and should remain sur-
rounded by fluid; otherwise air would gel
inta the tubing system

Fig. 9.12. Removal of vilzeous from the vit-
reous chamber. Resection of retropupitlary
vitrecus lo prevent postoperative relapse
into the antedor chamber (see Fig. 9.4),

g Insertion of the suclion cutter behind
the pupil. To avoid the aspiration of pe-
ripheral vitreous, the tip should aot stray
ftom the central axis of the globe. Air is
allowed fo enter threugh the open incision
to replace the aspirated volume. .

b Air as an indicator: Dug to surface ten-
sion, air displaces the vitreous fibers back-
ward, and the vitreous face becomes
spherically concave.

¢ If the air is subsequently replaced by
{luid, the vitreous fibers will move forward
apain and reassuma their analomic posi-
tien, This “fluid indicator” maneuver
thus demonstrates that the excision has
cleared less vitreous than the “air indi-
cator" suggested

Suction cutters, on the other
hand, can be introduced deeply
through a small incision (Fig. 9.12).
Retinal traction during the vitree-
tomy is avoided by keeping the tip
opening close to the axis of the
globe. This reduces the risk of as-
pirating vitreous cortex (i.e., the
whole cortex in a nendetached vit-
reous, or the cortex at the vitreous
base in a detached vitreous).®

Vitreous adhering to wonnd sur-
Jfaces cannot be cleared with suction
culters, so when the operator has
completed the deep vitrectomy he
should reexplore the wound with
sponge swabs to confirm that the
surfaces and corners of the incision
are clear.

Visual mosttoring of the extent of
the vitrectomy is difficult in a wa-
tery or viscoelastic medium due to
jack of contrast with the transpar-
ent vilreous structures.'® The ex-
tent.of the excision can be assessed
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by indirect signs such as displac.
ment or deformation of adjacent
tissues by relatively solid vitreous
structures or movements imparted
by instrument manipulations -- but
the absence of these signs does not
prove that the vitrectomy is com-
plete.

A mare reliable method of defin-
ing the evacuated space is by space
occupation with air. “This is done in
anferior vitrectomy by holding the
incision open and allowing air to
enter and replace the aspirated vit-
reous. The depth of the excision is
then evaluated by noting the loca-
tion and shape of the residual vitre-
ous surface. ! ! However, air may be
deceptive as an indicator because
the surface tension of the air bubble
displaces the vitreous fibers (Fig.
9.12b), which later reassume their
original position after the air has
been absorbed and replaced by
aqueous, Consequently the extent

Fig. 9.13. Criteria for evaluating the extent
of the vltrectomy

a Nondefached vitreous. The iris (and, if
present, the perforated lens vapsule) are
exposed 10 the open air. If the underlying
mgniscus is fat at its center, il signifies
a peol of watery fluid over the completed
vitreetemy.

b Detached vitreous. A pool of watery
fluid remains behind the remnants of the
vitreous base. The fluid surface is fevel.'?

e Absence of compensatory air inflow.
The lack of air inflow during vitrectomy
is a warning sign. 1t signifies that the vitre-
ous is coming forward, and presetinal vit-
Teous ¢orfex may move into range of the
suction tip. This is caused by deformation
of the vitreaus compartment by a rise of
choroidal or osbilal pressure.

d Air injection with a closed wound.
While air entering an open chamber serves
only as an indicater for the aspirated fluid
volume, air injected in the presence of an
airtight wound has an entircly different
function: It forms an artificial pressure
chamber able to exert counterpressure
against external forges. However, its da-
ferming effect on surrounding siructures
makes it a poor indicator of vilreous to-
pography :

of the vitreclomy may prove 1o be
much smaller postoperatively than
it appeared at operation. To con-
firm that a vitrectomy has been car-
ried to the desired depth, fluid may
be injected when the apparent tar-
get depth has been reached
(Fig. 9.12¢}). The residual vitrcous

¥ This operation contrasts wilh posterior
vitrectomy, where surgery is performed
close 10 the retinal surface and the tip
opening may be placed close to the retina
o pezl away vitreous and membranes.

!9 Recall 4hat anterior vitreclomy, unlike
posterior vitreclomy, is perfermad on aier-
mal vitreous that is completely transpar-
eat.

! In anterior vitrectomy, therefore, intial-
Iy no fuid is infused for volume replace-
meRt.

12 When 1he resection of detached vitreaus
ecaches the retrovitreous space during the
vitrectomy, the rate of air inflow increases
abruptly due lo the faster evacuation rate
of the walery retrovitreous fuid (tower re-
sislance (o aspication) compared with the
vitieous.
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will level off in the injected fluid
medium. Additional  vitrectomny
may then be performed if need be,
and this maneuver can be repeated
several times. When there is no
more vitreous below the air bubble,
only watery fluid, the interfacial
meniscus will flatten out and the
fiuid level will appear fat-surfaced
at the center {Fig. 9.13).

An absence gf air inflow through
the open incision during anterior
vitrectomy is a wasrning sign that
there is an elevated pressure in the
vitreous space as a result of choroi-
dal or scleral compression (Fig.
9.13¢). Vitreous cortex then may
bulge toward the cenier and be-
come canght by the suction cutter,
posing an imminent threat to the
retina. The remedy is to produce a
counterpressure  against the de-
forming forces by restoring the
pressure chamber of the vitreous.
This is done by c¢losing the wound
and injecting air to create an artifi-
cial pressure chamber (Fig. 9.134d).

9.4 Management
of Vitreous Prolapse Caused
by Internal Hemorrhage

With bleeding from choroidal ves-
sels, the virtual subchoroidal space
expands and may cause expulsion
of tissue from the eye (Figs, 9.14a).
The degree of the expulsion de-
pends on the point in the process
at which the operator is able to ef-
fect wound clasure.

The rate of the prolapse, the nec-
essary speed of the operator’s re-
sponse, and the necessary guality of
the wound closure depend on the
pressure in the subchoroidal space,
and thus on the pressure in the
bleeding vessel (arterial or venous).

The surgeon directs his efforts to-
ward raising the intraocular pressure
above the pressare level in the sub-
choroidal space and maintaining
that pressure unlil the pressure in

Fig. 9.14. Management of expulsive hemoe-
thage

a Mechanism of expulsive hemorrhage:
Rupture of a choroidal arlery (CH) allows
extravasation into the subchoroidal space,
the pressure in this space rising to the pres-
sure of the arterial bload, The pressure
in the open globe being lower, the newly
created subchoroidal chamber can expand
and expel the ccular contents out through
the wound,

b Initial phase of management (£): Resto-
ralion  of the intraccular pressure
chamber. The outllow resistance from the
anterior chamber is increased by perform-
ing a watertight wound closure. This al-
Iews the intraocular prassure lo rise again
to the level of the arterial pressure, arrest-
ing the hemorrhage,

¢ Phase two (2): Evacuation of the sub-
choroidal chamber through a sclerotomy.
Phase three (3): The inlraocular pressure
must be kept high to avoid farther extra-
vasation from the damaged vessel. This is
dont by implanting an arlificial pressure
chamber in the form of an air bubble

the subchoroidal space can be low-
ered. Any measure that lowers the
intraocufar pressure’ beforehand
(e.g., intrabulbar vitrectomy) will
intensify the choroidal hemorrhage
and worsen the situation.

The first step is to inercase the
oulflow resistance from the vitreous
chamber by effecting a secure
wound closure (Fig. 9.14b)'*. The
second step is to lower the outflow
resistance from the subchoroidal
space by incision of the sclera. The

I
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third step is to raise the pressure
in the vitreous space to evacuate the
opened subchoreidal chamber. This
is accomplished by injecting air as
an artificial pressure chamber (Fig.
9.14¢). ‘Fhe injection is continued
(or repeated with each step) so that
the total intraocular pressure dur-
ing all maneuvers remains higher
than the pressure in the leaking ves-
sel.

Once the pressure in the subcho-
roidal space definitively has been

.brou,gm to atmospheric, the initial
incision may be reopened for re-
forming the anterior segment {ante-
{if!r vitrectomy, repositioning of the
irig, etc.),

—_—
'* The urgency of the intervention for ar-
terial hemorrhage makes it advisable to
preplace sutures For all intraocular prove-
dures. These safety sunres witl allow for
rapid wound closure, provided ihey are
strong enough 1o withstand the arterial
pressute,




10 Future Trends

The ultimate goal of medicing is to
make itself obsolete through its
own development. Similarly, we
may say that the goal of the eye
surgeon is to develop methods
which make the knowledge cod-

veyed in this book unnecessary.
And indeed, this development is

well underway, - . 3

Our analysis of manipulations in
Eye Surgery makes it plain where
the key issues tie. The main prob-
lewns in present-day ophthalmic sur-
gery ane the tissue deformations
and displacements that are caused
by surgical nanipulations. These
phenomena lead to discrepancies
between the resulls that the surgeon
would expect from his maneuvers
and the results he achieves in the
tissue. Consequently, the deforma-
tions and displacements that attend

surgical actions must be gnticipated
and incorporated into the plan of
operation. A largg part of this book
is concerned with such problems.
The deformations associated
with cutting result from resistances

- and could be aveided by dividing
tissties with ultrasharp instruments

thal cause no tissve displacement.
Such instruments — weightless, ul-
trasharp, and practically without
volume -- are lasers, which are cur-
rently under development, The watit-
ing of tissues can be accomplished
without deformation as soon as a
fast-seiting, biologically compatible
tissue adhesive becomes available.
The displacement of tissues to assist
manipulations can be avoided by
applying the instrament direcily to
the intended site of action. Suitable
microinstruments are already avail-

able and are being continually im-
proved. Visual monitoring of the ac-
tion will be greatly simplified once
we are able to visualize previously
invisible portions of the eye by en-

“+doscopic techniques. Finally, spa-

tial tactics will be simplified when
viscoelastic materials are made
available in various grades of vis-
cosity and elasticity. Volums stabili-
zation could be achicved with these
materials even under the action of
large opposing forces.

As developmends continue, it is
certain that the eve surgery of the
future wilk be vastly different from
that known today. All who play a
rolg in this development will one
day note with satisfaction that it
was fascinaling fo have been part
of it.
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