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Preface

The purpose of this manual is to provide the reader with a straightforward. practical
guide to retinal surgery. It is not designed to provide a complete compendium on the
topic but rather an up-to-date, reasonable approach. This second edition provides cur-
rent indications as well as technical updates for the surgical procedures and ineludes
a new chapter on macular hole surgery. Many of the personal preferences presented in
this manual are intended to serve as suggestions for the surgeon who is looking to
develop or modify his approach to retinal detachment surgery. The reader must keep
in mind that there are many valid alternative techniques that are not covered. The
suggested readings at the conclusion of each chapter will enable readers to cover
selected areas in greater depth and will also acquaint them with valid alternative tech-
niques. It is hoped that residents and beginning vitrecretinal  fellows will use this
manual as a starting point to help formulate their approach to retinal detachment
surgery, and that practicing ophthalmologists  will find some useful elinical "pearis"
that will assist them in modifying their own individual approach.

| would like to acknowledge and thank Laurel C. Lhowe and Jerry Sewell, who
created the wonderful illustrations for this edition.

Andrew 1. Packer, MD.
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Anatomy and General Considerations

Andrew J. Packer

Rhegrnatogenous  retinal detachments
retinal breaks, which

are caused by
in most cases result from vit-
reorerinal traction. Fluid accumulates between the
sensory retina and the retinal pigment epithelium
(RPE). Closing (or sealing) the retinal break  is syn-

onymous  with repairing (or preventing) a rheg-
m:uogenous  retinal detachment, assuming that the
vitre oret inu! traction has been relieved. Under-

standing the anatomic and physiologic principles of

the posterior segment s essential to formulating
appropriate  treatment for retinal breaks and retinal
detachments.

Retinal ~ Anatomy

The retina is a thin, transparent tissue that lines the
posterior two-thirds of the globe. The retina varies
in thickness from 0.13 mm (in the center of the
fovea) to 0.55 mm (at the margin of the anatomic
fovea). It extends from the optic nerve posteriorly

tothe ora serrate anteriorly (which approximates

the line of recti muscle insertion). Photoreceptors

(rods and cones) are connected to neuronal path-
ways terminating in nonmyelinated fibers  that
form the optic nerve. The inner two-thirds of the
retina are nourished by the retinal circulation; the
outer one-third of the retina is nourished by the
choroidal circulation, a high flow circulation

that also serves as the cooling system for the eye

(Figure 1-1).

The vortex veins, which are readily visible
through  the retina, are important  landmarks
because they exit through the sclera, approxi-

mately 3 mm posterior to the equator. . There are
usually four to six vortex veins, and they are fre-
quently found near the 1,5,7, and Il o'clock
meridians ~ (Figure 1-2). Ciliary nerves also serve
as landmarks.

The anatomic macula is defined as the posterior
portion of the retina containing two or more lay-
ers of ganglion cells. It measures from 5.5-7.5 mm
in diameter and is centered approximately 4 mrn
temporal to and 0.8 mm inferior to the center of
the optic disc. Clinically, this region is often
referred to as the posterior pole,

The anatomic fovea is a depression in the inner
retinal surface in the center of the macula measur-
ing 1.5 mm in diameter. . The anatomic fovea is
commonly referred to clinically as the macula. On
the external surface of the globe, it is centered |
mm medial to and | mm above the posterior border
of the inferior oblique insertion.

The RPE, a single layer of pigmented epithe-
lium, is located external to the sensory retina, and
the choroid is located external to the RPE. The
choriocapillaris ~ (the capillary bed of the choroid) is
located adjacent to the RPE, allowing access to the
outer retina, which it nourishes (Figure 1-1). The
retina, the RPE, and the choroid are mechanically
supported by the sclera, which varies in thickness
from 0.3 mm (just posterior to the insertions of the
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Figure I-1. Retinal anatomy. (Modified with permission from Bargmann W. Histologic lind Mikroscopische Anatomic des
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Figure 1.2. Rctinallanumarks.

eyes. Alii ) Opluhulmol 1967;64:824.)

recti muscles) to greater than 1.0 mm (near the pos-
terior pole). Abnormally thin. blue-appearing  areas
of sclera called stophylomato con be found in eyes
with retinal detachments.  Narrow. radially oriented
scleral dehiscenccs are also seen.

The Vitreous

The vitreous occupies a volume of approximately 4
cc tn an emmetropic eye. It is firmly attached in a 2-
to 4-mm-wide band at the om serrata (the vitreous
base) and is less tightly bound posteriorly (at the
optic nerve. the maculau and along retinal blood
vessels). It can also form; abnormal focal adhesions,
especially around areas of lattice degeneration and
regions of chorioretinal ~ scarring. The vitreous is a
complex gel composed of collagen fibrils and
hyaluronic acid. As a result of degenerative changes
(as well as trauma, hemorrhage, and inflammatory
changes), the vitreous may separate from the neu-

(Reprinted with perrnission  from Rutnin U. Schepens CL. Fundus appearance

Anatomy and General Considerations &

-

Anatomical vertical meridlan

e
rﬁ"-

in normal

rosensory retina starting posteriorly: this is called a
posterior vitreous separation (PVS) or posterior vit-
reous detachment (PVD). In the normal eye. the
degeneration involves formation of large liquid cav-
ities within the vitreous body. Contents of the lig-
uefied cavities extrude posteriorly through defects
in the posterior hyaloid, which then separates and
collapses anteriorly.

In most cases, a PVD should be considered a
normal process of an aging eye; present elinically
in up to 65% of patients over 65 years of age. As
the vitreous separates posteriorly, it remains firmly
attached to the retina at the vitreous base. This
places anteroposterior traction on any focal areas of

vitreoretinal ~ adhesion, which can lead te a retinal
break as the vitreous is pulled anteriorly. (Figure
1-3). Retinal breaks that are specifically caused by

vitreous traction ore referred to as retinal (ears (abo
called "flap" tears or "horseshoe" tears because of
the U'-shnped defect that typically occurs). Ongoing
traction on the anterior edge of a horseshoe lear will
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Figure 1-3. r","l'rior vitreous separation with focal vitreo-
retinal ~nihc-y,iul causing. a retinal lear.

tend to open the tear and encourage accumulation
of subretinal ~ fluid. If a section of retina is com-
pletely torn from the retinal surface, an operculated
tear results. The round operculum can usually be
seen hovering over the retinal defect.. Since opercu-
luted tears an: not affected by ongoing vitreorctinal
traction. they are in general less likely 10 allow
accumulation  of subrelinal ~ fluid once opposed 10
the RPE. Retinal breaks located within the vitreous
base are also not subject to ongoing tractional
forces and are. therefore. less likely 10 go on to reti-
nal detachment. .

Several forces tend to promote attachment of the
sensory retina to the underlying RPE; these inelude
the RPE pump (creating negative pressure in the
subretinal  space), intercellulat. mucopolysaccharide
"glue" between the RPE and the sensory retina, and
possibly interdigitation  of the RPE cell processes
and the rods and cones of the sensory retina.

Factors that tend to promote retinal detachment,
other than vitreoretinal traction, include the size of
the retinal bregk and the dynamics of fluid currents
within the vitreous cavity. ]

Suggested Reading

Hilton GF, Mcl.ean JB. Brinton DA. Retutul Dcruch™ent:
Principles and Practice. 2nd ed. San Francisco: Amer-
ican Academy of Ophthalmology:  1995.

Jones LT, Reeh MJ, Wirtscnafter JD. Ophthalmic anatomy.
In: American Academy of Oplzl/IOlmulogy Manual. San
Francisco:  American Academy of Ophthalmology;
1970: 139-151. .

Lowenstein A, Green WR. Retinal histology. In: Guyer DR.
Yannuzzi LA. Chang S. Shields JA. Green WR. eds.
Rctina-Vitrcous.Munda. ~ Vol, 1. Philadelphia: Saunders:
1999:3-20.

Macherncr  R. The importance of fluid absorption. traction,
intraocular currents and chorinrclinal scurs in the ther-
apy of rhegmalOgenous retinal detachments. Am J OJ"
thalmol 1984:98:681.

Ry"n SJ. ed. Retina, Vol. 1, 2nd ed. Sl Louis, MO: Mosby:
1994:5-123.

Schepens CL. Retinal Dctochment and Allied Diseases.
1. Philadelphia: Saunders: 1983:23-87.
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Preoperative Evaluation

of the Retinal

Stanley Chang

Thorough preoperative evaluation of the patient with
retinal detachment is as important as the surgical

procedure itself.. After examination of the patient is
completed. the surgical strategy can be planned pre-
operatively.  Specific aspects of the management

strategy to be considered are a segmental or radial
buckle versus an encircling scleral buckle, the nccex-
sity for drainage of subretinal ~ fluid. the possible

need for air or gas tamponade. or the: need for vit-
rectomy to mobilize fixed or star folds resulting

from epiretinal proliferation. More recently, alterna-
tive techniques  for the management  of retinal
detachment ~ without permanent scleral buckling.

such as a temporary parabulbar balloon or pneu-
matic  retinopexy. may also be: appropriate in
selected cases. Careful study of the vitreoretinal

relationships is vital to a successful result.. The pre-
operative evaluation should include o detailed clini-
cal history, comprehensive ophthalmic evaluation of
both anterior and posterior segments of the eye, and
informed consent from the patient following detailed
explanation of the planned surgical procedure.

Clinical History

The duration of symptoms resulting from vitreous
opacities should be determined as accurately as pos-
sible. Often patients report symptoms such as spots,
lines. cobwebs, or floaters. Sometimes they will
observe a mobile "veil" or "film." A history of pho-
topsia may also be reported. Many patients are not

Detachment

Patient

aware of-the signi ficance of floaters or photopsia
and do not seek attention unti | a peripheral field
defect or central visual loss occurs secondary to
macular  detachment.  Prec ise description  of the
symptoms may aid in localizing the retinal breaks.
[I'the patient has had retinal detachment previously.
the details and results of prior surgery should be
obtained if posxiblc. A previous history of ocular
disease relevant to retinal detachment  such as
myopia, glaucoma, ocular influrnrnation, trauma. or
cataract surgery should be documented. A family
history - of retinal detachment should also be noted.

There is wide variation in the ability of patients
to recall their symptoms. Some patients are able to
relate a very derailed history of the direction of field
loss and associated symptoms, while others are
unable. to describe  their symptoms  precisely.
Patients who have had a retinal detachment previ-
ously are often more alert to symptoms that may
occur in the fellow eye.

Ocular Examination

The ocular, examination  should include a complete
general eye examination as well as a detailed fun-
dus study. The refractive error should be recorded.
In eyes with a history of amblyopia, an autorefrac-
tor or retinoscopic  evaluation may determine the
true refractive status. The corrected visual acuity
should be recorded for each eye. A confrontati.on
visual field may determine the extent of the retinal
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detachment  prior to funduscopic examination. An
afferent pupillary defect is usually present in the
affected eye. Applanation tonometry may be used
to record the intraocular pressure. In most cases the
intraocular  pressure is lower as a result of the reti-
nal detachment, but the presence of hypotony
should raise the possibility  of accompanying
choroidal detachment. . In patients with a history of
glaucoma, the usc of cycloplegic agents for preop-
erative pupillary dilation may cause a rise in
intraocular  pressure.

The lids and conjunctiva should be examined for
blepharitis or conjunctivitis  prior to pupillary dila-
tion. Phenylephrine  hydrochloride  may constrict
conjuncti val blood vessels and mask an ocular
infection. The presence of severe blepharitis or con-
junctivitis should lead to a delay in surgery until the
condition has been treated.

Limitations  in ocular
should be measured
had previous retinal

motility  or strabismus
and noted. If the patient has
surgery and abnormalities  in
ocular motility are noted, the patient should be
informed of the increased possibility of diplopia
after the retina is reattached.

On slit-lump  examination. ahnormalities in
corneal clarity or size should he noted. The depth
of the anterior chamber should be checked. In
patients with a narrow peripheral angle. gonioscopy
is indicated to avoid angle closure by pupillary dila-
tion. Such eyes may require laser iridectomy prior
to pupillary dilation and retinal detachment surgery.
Any patients with a history of glaucoma or pupil-
lary rubeosis should also undergo gonioscopy.

In patients with Marfan'ss syndrome or a history of
ocular trauma. lens subluxation or phacodonesis may
also be present._ If an intraocular lens implant has been
inserted, the type: of implant and integrity of the pos-
terior capsule following extracapsular cataract extrac-
tion should be noted. In aphakic patients, vitreous
fibrils may be displaced anteriorly through the pupil
by ;1 bullous retinal detachment. Vitreous strands to
tbe cataract wound should be studied. The hyaloid
face may be in contact with the corneal endothelium,
resulting in localized corneal edema.

In phakic patients with symptoms of posterior
vitreous  separation, it is helpful to examine the
.anterior vitreous with the slit lamp. The presence of
pigment (frequently present only after vertical and
horizontal eye movements) almost invariably indi-
cates the presence of a retinal tear.

After the slit-lamp examination is completed,
maximum  pupillary  dilation should be obtained
prior to funduscopic cxamination.  Cyelopentolate+

hydrochloride 1% and phenylephrine
2.5% (or 10% in refractory cases) can be used in
combination at 20--30 minute intervals until maxi-
mum dilgfion occurs. In patients with iris-fixated
intraocular  lenses, dilation should be done more
cautiously to prevent dislocation of the implant.

hydrochloride

Examination of the Fundus

The funduscopic  exurninat ion consists of three
parts: (1) indirect ophthalmoscopy with  scleral
depression.  (2) noncontact biomicroscopy of vitreo-
retinal relationships using an aspheric lens, and (3)
contact lens examination of the retina and anterior
chamber angle. The following instruments should
be available:
e Indirect ophthalmoscope with small  pupil
anachment
e Scleral depressor
e Fundus drawing paper
¢ Colored pencils:
e Lenses for indirect ophthalmoscopy:  14-.20-,
25-. 28-, or 30-diopter
e 90-. 78-, or 66-diopter aspheric noncontact
lenses

e Three-mirror contact lens
¢ Macular " lens

¢ Panfun.duscopic lens

should be chosen

and fits comfortably. since the
examination in some difficult cases may take up to
60 minutes. A small pupil attachment is helpful for
poorly dilated eyes or in pseudophakic — eyes with
peripheral lgns remnants. The room is darkened and
indirect ophthalmoscopy  is started when the exam-

iner is dark adapted. The patient is placed supine on
an examining chair or table. The chin is extended

forward slightly. The examiner stands at the head of
the patient and the fundus drawing paper is kept
next to the head of the patient on the side of the
examiner's  writing hand or on the patient's chest.-
The 120 'dock meridian of the drawing is directed

toward the patient's feet and the examiner is posi-
tioned opposite to the meridian of interest and
sketches exactly what is observed. By placing the

An indirect ophthalmoscope
that is lightweight
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drawing upside-down.  one obviates the need to
transpose  the inverted image of the indirect oph-
thalmoscope. The beginning examiner should learn
to hold the lens with the nondorninunt hand so that
the writing hand can be:used for drawing or scleral
depression. The conventional color scheme used for

fundus drawing is:

= Light blue: retinal detachment

= Dark blue: retinal veins, margins of retinal
breaks

= Light red: attuched retina

= Dark red: retinal arteries, preretinal  or
intraretinal hemorrhages

e Green: vitreous or lens opacities
= Black: chorioretinal pigmentation

= Yellow: inrrare rinal or subretinal exudute s.
subretinal bands
= Brown: choroidal detachment. nevi. or
melanomas
At the beginning of the exarnination. the inten-
sity of the indirect ophthalmoscope is reduced ro

allow the patient to adjust to the brightness or' the

light. Initially. a broad survey of the funduscopic

findings is obtained without sc lcrul depression.

When the patient is more comfortable  with the
examining light.. the illuminarion can be increased.
The meridians delimiting the edges of the retinal
detachment ~ are first nored and the extent of
detachment  is sketched onto the fundus drawing.

The fundus drawing paper (Figure 2-1) contains
three concentric circles. The inner circle represents
the equator of the fundus, the middle circle. repre-
sents the ora serrata. and the outer band the pars
plana.

Retinal breaks vixible without scleral depression
are localized and drawn. Following the retinal
blood vessels out to the periphery allows system-
atic examination of the entire fundus. Scleral
depression is required for examination  of the
peripheral retina. The patient is more comfortable
when scleral depression is started temporally. The
temporal periphery is more easily visualized and, as
the eye softens from scleral depression. the nasal
fundus can be more easily examined. Optimal visu-
alization  of the peripheral  fundus is usually
obtained when the examiner stands directly oppo-
site to the meridian of interest. In patients with
small pupils. or peripheral lens opacities, visualiza-
tion of retinal breaks may also be improved by turn-

Patient 7

ing the patient's head toward the examiner
ing the patient to look toward that meridian.

Specific ~ features of the reti nul detachment
should be noted on the fundus drawing:

and ask-

I. The rclurioush ips of rctinal blood vessels and
vortex veins to the location of breaks should be
drawn to provide landmarks for intraoperative
localization. These may be helpful during
surgery if visualization decreases due to corneal
edema or vitreous hemorrhage. Avulsed or bridg-
ing blood vessels over retinal tears should also
be noted.

2. The height or elevation of the retinal detachment
should be studied to determine whether drainage
of subretinal ~ fluid is required. More bullous
arcus are preferable . for possible. drainage sites.

3. Areas of chorcoretinal pigmentation and demar-
cation lines should be indicated. ~Demarcation
lines may help to localize the region of the reti-
nal breaks.

4. Areas of per iphc rul lattice degeneration and
areas suspicious  for retinal breaks should be
noted. Some Dr'these areas will require exami-
nation under higher magniticatinll  using the con-
tact lens.

S. When multiple.. breaks. arc present. . their antero-
posterior locution should be accurately depicted.
As a general rule. vortex veins delineated the
equator and can be helpful in the precise deter-
mination of anteroposterior  location. This infor-
mation will be used to plan the size and extent
of scleral buckling.

6. Lines of circumferential traction in the anterior
retina and star or fixed tolds should be indicated.
By observing the mobility of the retina as the
patient moves the eye, the severity of traction
can be evaluated. Poor mobility indicates that
the retina is stiffened by epirctinal membranes
and may require vitrcctorny.

reserved  for the
with indirect ophthal-
condensing  lens provides
for small breaks. Macular
holes. cysts, or macular pucker may be present.
Posterior breaks may also be present ncar the edge
of a staphyloma or coloboma or adjacent to larger
retinal blood vessels.»
When the examination

supine position.  the patient

The posterior pole. is usually
final part of the examination
moscopy. A 14-diopter
higher magnification

in the
in the

is completed
is examined
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Figure 2-1., Fundus drawing document.




siHing position. Tnis may allow folds within the
retinal detachment to open. revealing previously
unseen retinal breaks. The presence of shi fting
fluid is usually associated with exudative retinal
derachrnents  but Cl.Jlalso be seen in patients with
rnegrnaroge nous retinal detachments  with small
retinal breaks..

The patient.  is returned
undergoes biomicroscopy  using the 90~ 78-. or 66-
diopter aspheric lens and three-mirrgr  contact lens.
T:"leadvantages of the espheric lenses for fundu-
scopic evaluation are that they allow a biomicro-
scopic examination without placement of a lens on
the eye. :InO its depth of focus permits exce llent
visuaiization  of vitreoretinal— relationships .. Areas of
aahesion of the posterior hyaloid o me retina can
~ ,~5;. Posterior fundus evaluation is particularlv
~~~~:i\-e because of the ability to increase rnagnifi-
caton, The beginning examingr quickly adapts to
~~~ir\\'e~~d image and learns that me image moves
c;;-;:-0~i:e:0 the direction of gaze.

Tr;e ~;j'ree-mir.or contact lens examination is an
~orc2r.t par; of fundus evaluation because it allows
Mgierssidgnizticllion and refinement  of the findings
~e:1l In .ndirec: ophthalmoscopy .. At higher rnagni-
:c~~;Gn.small breaks and vitreoretinal relarionshics
z:": 7.ore e~ii:-- appreciated. Topical proparacaine
1).: .=, b instilled into the conjunctival fornix and
-i-.i~-.ceiluiose sciuticns 1 1':c to 2.50"c) are used o1
wi~e2r.[2:: ~er:s.The patient's head is placed into the
31;[-1;:'~~.nicroscoce :J.11dhe patient is instructed :0
1-d-=:-=igis=elower lid is retracted M€ the lees
ne== LrtO Ir.~=ic..-\ zte:examination  of the ~-Qst~
rcr ~r:d;IS :rl~oughne central lens. each of (he three
Mt-i-rg; usyij :o examine  the fundus. The largest
rr.irrcr .iilows 3[i.0; of the post-equatorial ~ fundus.
T~~~Ic:lc-3~z~~ mirror is used to study the pre-
e=.=J).:~J! izl periphery .. Asking  the patient o
.cc+ .cv ard +e meridian of the migror allows more
:,iieric~ visualizaucn. while looking in the rneric-
.ar: ::05i,e to the mitrar provides a more peripheral
e I 1S:e:p'ei :0 move the light of the slit lamp to
Wi 52 side 3 L:emirror when examining inferjor
si~nCrie-L' of the fundus. and to direct the light from
:=:eocrcsire  direction  when studying the superior
=531 2nswirdaes. \L:Lculdr lenses (contact lenses sifn-
ii;:;ro C.~eentral portion of the 3-mirror contact iens 1
e onl; Jsdul for examining the posterior pole.

T:~e 'y'ide field of visualization  of the panfun-
cuscocic lenses C:ln be useful in surveying the mid-

to the slit lamp and

Preoperative Evaluation of me Retinal Detachment Parient 9

peripheral. fundus to the equatorial. region. particu-
larly in eyes with small pupils.

Lesions Simulating  Retinal Breaks
Some peripheral retinal abnormalities may mirruc

retinal breaks. Small retinal hemorrhages

retinal tears because of their reddish appearance.
Contact lens examination  will differentiate  these
from true retinal bremo Outer or inner layer retinal
breaks. within areas of retinoschisis may be difficult
to dirferentiare from retina! breaks in chronic reti
nal detachment.  Retinal tufts. or tags. may also
resemble retinal breaks arid should be examined
carerullv . -iL1scleral depression. \leridional — com-
plexes should be examined with scleral depression
for smail breaks at their posterior margin.

Some pe~Jher:Jl fundus changes rnay also
resemble retinal detachment. Are:JS of white with-
out pressure indicate vitreoretinal
extensive.
retinal de.achrnenr. These changes are more recdiiy
apparent in you:lg patient» with daddy pigmenteJ
fundi. Retirial cysts are round intrarerinal  coikc:
tions of :uic :;;H may be prese:lt on [he inner or

outer sue'3C:: of the retina. Retinal cysts are rre-
queruiv  s.ssoc2-=- With chronic retinal detachrner.t.
and ,:Ls:Ip;:ic~ ~I'ilo\l;ing surg ica! reauachrnent.

=~\.:~ui:-~d or congeniral retino-chi. -.is Hiry be J~(-

ficuir :0 c: F=:-e:-.:~~~from atrophic rcinc preser.t in
chronic  retinc] "“=riChmc:tL .-\ ;JigmC:lt dernarcaticr-

but the di~~-
is prizbe=l.

line is inc~c:l::" C'or retinal cetachrne:u.
nos is may be dificult when none
Acquired  re.inoschisis
inferoternporal quadrant :zInC :%:J.Malso be pres;::lt .n
the sL:?e~ot;::-:lccr::.@uadrant: it is bilateral in S5-C
of cases. It cfte~, appears as a thin. conwex. trcnv-
parent surface :Jr.Q occasionally is seen with srnul |
whitish  C~JI1;:":s. Retinul breaks in either inner or
outer 1iJ:~rs -\iii not result in retinal detachment.
but 'vhen holes are present in both layers sirnult:i-
neously. . detachment is likely to be present.

Lincoff 's Rules of Retinal Detachment

When ‘he funduscopic examination hJ.Sbeen com-
plered and the location of retinal breaks found. [he

in the
region of the vitreous base may be rnistuken for

adhesion.  If
Lilewhitish change may be mistaken for

is U5U:ll'~. ;CC:HcC il :—l::

.we—" v, iz breaks
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examiner should consider whether the configuration
of the detachment is consistent with the location of
the retinal breaks. Retinal detachments accumulate
subretinal ~ fluid in a predictable = manner around the
retinal break of origin. These observations  have
been extensively described and are known as Lin-
coff's Rules. The shape of the retinal detachment
indicates the location of the break in 96% of cases.

Some concepts that may be useful in finding the
break are that (1) in superonasal or temporal retinal
detachments,  the retinal break lies within one and
one-half clock hours of the highest border 98% of
the time; (2) in superior detachments that cross the
midline, the primary - retinal break is at 12 o'olock
or within a triangle the apex of which is at the ora
serrata and that intersects the equator | hour to
either side of 12 o'clock, this is present 93% of the
time; (3) in inferior detachments, the higher side
indicates to which side of the 60 'clock meridian an
inferior hole lies 95% of the time; (4) when an infe-
rior retinal detachment has a bullous configuration,
the primary « hole lies above the horizontal meridian.

These rules are most applicable in the absence
of proliferative  vitreoretinopathy  since significant
tractional  forces can alter the distribution of sub-
retinal  fluid. If the location of the retinal breaks
does not explain the retinal detachment, additional
study of the retinal detachment s suggested to seck
any possible missed retinal breaks.

Preoperative  Informed Consent
The patient with retinal detachment
apprehensive,  for several reasons.
covery of a retinal detachment has brought the reti-
nal surgeon and the patient together. . Usually the
patient has not met the retinal surgeon until referred
for evaluation of retinal detachment. . Often patients
have a poor understanding of the pathophysiologic

processes involved in retinal detachment and the

is often quite
The acute dis-

surgical procedure
fore, an explanation

required for treatment. - There-
should be provided to the
patient of the events leading to the retinal detach-
ment and the planned treatment. . The overall tone
should be supportive and positive since the progno-
sis for retinal reattachment is good. The patient
should be informed of possible intraoperative  as
well as postoperative  complications.  These inelude
complications ~ from drainage of subretinal  fluid,
retinal perforation  during placement of seleral
sutures, choroidal detachment, macular pucker, pro-
liferative vitreoretinopathy,  or diplopia. If the mac-
ula is detached preoperatively,  the prognosis for
return of central vision should be indicated to the
patient. Patients may not realize that it may take up
to 6 months before central vision returns. Finally,
the patient should be given ample opportunity to
ask any questions related to the planned surgery.
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Preoperative Ophthalmic
Echography and Electrophysiology

Robert E. Leonard 1l and Dwain G. Fuller

Ophthalmic echography and electrophysiologic ~ stud-
ies can provide valuable aid to today's vitreoretinal

surgeon in the evaluation of eyes with opaque media.
Obviously, in eyes with a rhegrnatogenous  retinal
detachment and ¢lear media. no ancillary testing is
needed for diagnosis and treatment.. In contrast. an eye
with a dense cataract. cyclitic membrane, hyphcrna,
vitreous hemorrhage. or other significant opacity of
the media may harbor posterior segment pathology
such as a tumor or detachment that can readily be
diagnosed with preoperative echography. Ophthalmic
echography has emerged as a diagnostic modality that
is extremely useful in the assessment of eyes with
antecior or posterjor segment media opacity. Electro-
physiology may also be of use in the functional assess-

ment of eyes with cloudy media to determine if there
i.~a reasonable prospect of salvaging vision.
Echography

The! development' of clinical ophthalmic echogra-

phy in the 1970s greatly modified and improved the
management  of retinal detachments and other pos-
terior segment pathology in eyes with opaque
media. The concurrent introduction of pars plana
vitrectomy by Robert Macherner gave the retinal
surgeon the necessary tools to approach such eyes
~lggressively and, in many cases, to effect dramatic
visual restoration. Prior to the advent of pars plana
vitrcctomy, the management of retinal detachment
in the presence of vitreous hemorrhage typically

included bed rest., elevation of the head. and bilat-
eral eye patching. If the blood cleared in a timely
fashion, retinal tears could be localized and scleral
buckling performed. Eyes in which the vitreous
hemorrhage  did not clear or did not clear ade-
quately to allow for visualization  of the retinal
breaks might be subjected to a so-called "blind"
buckling procedure. Certainly. the advent of vitrcc-
torny and subsequent advances in vitreoret inal
surgery have allowed for earlier and more precise
intervention  in these cases. In an eye with media
opacities that preclude visualization of the fundus.
echography can quickly answer a number of ques-
tions of interest to the vitreoretinal  surgeon and
facilitate appropriate  management. .

I. s the posterior segment anatomically normal’).

2. ls the retina detached? |Is there evidence of pro-
liferative vitreoretinopathy ~ (PVR)?. Is there evi-
dence of tractional retinal detachment?

3. Are there ultrasonographic ~ findings that suggest

a secondary retinal detachment (tumor, inflam-
matory condition)?
4. Are choroidal detachments  (serous or hemor-

rhagic) present?

5. Are signs of trauma evident, such as subretinal

hemorrhage,  posterior rupture, intraocular for-
eign body. or lens luxation or disruption? .
6. Is there an occult posterior tumor present, and if

so, what are its characteristics?

Contact Bvscan echography is the method of
choice for the vitreoretinal surgeon evaluating eyes
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with cloudy media. Real-time dynamic
echography can yield valuable information
ing the nature of a retinal detachment, allowing for
the differentiation  of a mobile, more acute detach-
ment from a fixed. chronic one. Currently, three-
dimensional ultrasound imaging is being evaluated
for clinical application.  Possible uses of three-
dimensional ultrasound include volumetric analysis
of tumors and more accurate assessment of com-
plex retinal (Jetachlllents.

A-scan techniques. particularly standardized A-
scan echography as popularized by Kanl Ossoinig,
are invaluable for determining the size and charac-
teristics of intraocular tumors. Such procedures can
accurately assess the apical height of a tumor and
often provide wuseful tissue characterization. For
example. a homogenous tumor mass such as a pos-
terior uveal melanoma would display low internal
reflectivity —on A-scan. whereas a vascular tumor
such as a choroidal hemangioma  would typically
show a high internal reflectivity pattern  due to its
heterogeneous  tissue structure.

Bvscun
regard-

Normal Posterior Segment

If the posterior segment
vitreous

is anatomically
cavity ‘%.ill be acoustically

normal. - the
clear or have

Figure 3-1. Localized
material

rhegmalogenous
in the vitreous cavity represents vitreous hemorrhage.

retinal detachment. . Arrow demonstrates

minimal signal intensity. The retina will be attached
and the choroid will not be thickened. A posterior
vitreous detachment mayor may not be present. .
Contact B-scan eehography can rapidly and easily
identify eyes with normal posterior segments.

Rhegmatogenous  Retinal Detachment

Total retinal detachment is usually a straightfor-

ward diagnosis with echography. Highly reflective
retinal leaves emanate from the optic nerve head
and rejoin the globe wall anteriorly at the ora ser-
rata. Bullous detachments are widely separated

from the eye wall and have a convex configuration.

In contrast, a shallow retinal detachment  may
remain close to the eye wall and be difficult to dis-
tinguish ~ from other entities. A partial retinal
detachment is not hard to identify if the detachment
extends back to the optic nerve head. A localized
detachment in the periphery, however. may some-
times be difficult . to differentiate  from a vitreous
membrane. Detached  retina is normally  more
reflective or echogenic  <brighter on B-scan) than
are vitreous membranes. Figure 3-1 shows an eye
with vitreous hemorrhage and a localized retinal
detachment. _ In this particular echogram, one can
also visualize the retinal break (arrow). There is

retinal break. Acoustically reflective
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acoustically  reflective material
ity that represents the vitreous
well-differentiated membrane

vitreous typifies a partial
subretinal  space is acoustically clear, and the tiny
defect seen in the retina represents the retinal

break. At surgery, a vitrectorny was performed that
allowed correlation  of the ultrasonographic find-
ings with the presence of a retinal tear, a bridging
retinal vessel, and !l localized retinal detachment.

Figure 3-2 demonstrates a retinal tear without reti-
nal detachment. = The area of vitreoretinal traction
is clearly seen.

Dynamic  or kinetic examination  allows the
examiner to determine the mobility of a detached
retina. The Bvscan ultrasound probe is placed on the
patient's closed eyelids, allowing visualization of
the detached retina. By having the patient look in
various directions.  characterization of the retinal
detachment  is possible. A nonorganized retinal
detachment  shows obvious. but limited after-move-
ment at the completion of an eye duct ion. Vitreous
membranes typically ~ are more mobile than
detached retina. In cases of significant PVR, there is
link or no retinal after-movement since the retina
has extensive epiretinul membrane formation and
fixed folds. With advanced PVR, several different
configurations  may be seen. Anterior loop traction
may be identified as retina is pulled up into periph-

in the vitreous cav-
hemorrhage.  The
extending into the
retinal detachment. . The

Figure J-2.

Retinal break without retinal detachment,

eral folds with foreshortening of the posterior
retina. A so-culled open-funnel retinal detachment
may also be seen. Figure 3-3 illustrates this type of
detachment. |, The two retinal leaves that emanate
from the optic nerve head are foreshortened and
proceed to the posterior surface of the lens, indicat-

ing anterior PVR. In the most severe form of PVR.
the funnel closes. with fusion of the retinal leaves,
resulting in a closed-funnel  retinal detachment. . as

shown in Figure 3-4.
The subretinal space is acoustically clear in most
cases of retinal detachment: . however. subretinal
hemorrhage  may be present.' in traumatic retinal
detachments. nonrheg matogenous  detachments
from disciform = macular degeneration, or occasion-
ally in retinal detachment from proliferative  dia-
betic  retinopathy. Figure  3-5 illustrates the
appearance  of subretinal hemorrhage. in this case
from a disciform process. Figure 3-6 demonstrates
a diabetic  tractional retinal  detachment with
echogenic  subretinal  fluid and a subhyaloid hemor-
rhage. Subretinal particles can also be seen in some
chronic retinal detachments in which mobile sub-
retinal cholesterol  crystals.. can develop. These par-
ticles are highly echogenic and strikingly —mobile.
when examined using kinetic echography and pro-
picture.
vitreous
be seen

vide an almost pathognomonic
posterior
such as might

An organized
(PVD),

detachment
in an eye with
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Figure 3-3. Open-funnel retinal detachment.

Figure 3-4. Closed-funnel retinal derachrncnt. K

previous vitreous cavity hemorrhage, can mimic  difficult. . Figure 3-7 illustrates a PYD in an eye
ultrasonographically ~  a total retinal detachment if  with vitreous hemorrhage that could easily be
-the posterior vitreous face remains adherent to the  confused with a retinal detachment. . Occasionally,

optic nerve head. A PVD is usually more mobile one can also see a stalk that attaches to the optic
than a total retinal detachment and often has a dis- nerve and extends into the vitreous cavity before
continuous  border and irregular thickness on B-  bifurcating into the apparent leaves of the mem-
scan echography, but sometimes this distinction is brane. This particular finding is characteristic ~ of
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Figure )-5. Disciform scar with subretinul hemorrhage. Subrerinal blood is identified (arrow).

Figure 3-6. Diabetic traction retinal detachment.

PVD with a proliferative stalk at the optic nerve
head, as might be seen with proliferative diabetic
retinopathy. To help differentiate a PVD mirnick-
ing a retinal detachment from a true retinal
dct.rctuncnt. bright flash electroretinography
(ERG) may be performed (see the following sec-
tion on electrophysiology).

Nonrhegmatogenous  Retinal Detachment

It is important to remember that a retinal detach-
ment in an eye with opaque media is not always
rhegmatogenous  and may be a secondary detach-
ment., Such eyes are not candidates for vitreoreti-
nal surgery to repair the retinal detachment, and
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Figure 3-7.

indeed. su

OF RETINAL

SURGERY

Posterior

rgery o

intruocu lar tumors

tend a poor systemic
careful. ultrusonographic

space is essential

mass lesion
choroidal

Figure 3:8.

metastatic

Posterjor

vitreous separation.

n eyes

prognosis

containing  malignant
such as melanoma

may por-

for the patient. . A
search of the subretinal

ta rule out the presence of a
such as a posterior uveal melanoma,

tumor,

uveal melanoma.

or choroidal

Note secondary

heman-

giorna. Posterior uveal melanomas may produce
a 'vitreous  hemorrhage and secondary  retinal
detachment thal may mimic a retinal dctachment
unless careful echographic ~ examination is pcr-
formed. Figure 3-8 demonstrates a posterior uvcul
melanoma  associated ~ with a secondary  retinal
detachment.

retinal detachment. (arrow).
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Serous ret inul detachments  present in an eye
with opaque media can often be confused with a
rhegmatogenous retinal  detachment. . Shi lring
dependent  tluid during positioning in a Kinetic
echographic exam can be useful in differentiating
these two entities. Additionally, increased reflectiv-
ity in the subretinal fluid, a smooth convex appear-
ance, choroidal thickening or associated choroidal
detachment, and absence of a break can be helpful
factors in distinguishing a serous retinal detachment.
from a rhegrnutogerious  detachment. .

Choroidal Detachment

A choroidal detachment is seen echographically as a
membranous  structure that can be confused with a
retinal detachment by the uninitiated. It is impor-
tant to make this distinction, since choroidal detach-
ment is frequently managed medically while retinal
detachment often requires surgical intervention. As
a general rule. a choroidal detachment is overtly
convex, does not originate as far posteriorly as the
optic nerve. and inserts anteriorly in front of the ora
scrrata. l.arge choroidal detachments can meet in
the rnidvitreous cavity and give an ultrasonographic
picture of "kissing" choroidals.

Choroidal detachments can be serous or hemor-
rhagic. Serous choroidal  detachments have an

Figure 3-'1. Serous appositional or so-called "kissing"

choroidal

acoustically clear suprachoroidal — space. Figure 3-9
illustrates a serous “kissing" choroidal detachment.
Note the position of the optic nerve in relationship
to the choroidal detachment. . Figure 3-10 demon-
strates a "kissing" hemorrhagic  choroidal  detach-
ment, which. in contrast to a serous choroidal
detachment, has prominent echoes returning from
the suprachoroidal  space.

Ultrasonography can be useful in timing the
drainage  of suprachoroidal hemorrhage iff it wis
required. Kinetic examination may show mobility of
liquefied  suprachoroidal blood in hemorrhagic
choroidal detachments .. that are amenable to drainage.
The absence of liquefied blood often indicates that a
clot may be present. which makes drainage of the
hemorrhagic choroidal detachment difficult.

Trauma

Echography is of extreme value in the setting of
trauma. allowing for more accurate assessment of

internal ocular anatomy than either conventional
plain orbital radiographs or computed tomography
(CT) scans. By performing a gentle- exam through

closed lidx, many open globe injuries may be saf<:ly
on the status of the crys-
intraocular
suprachoroidal

evaluated.  Information
talline lens, possible
nal detachment.

foreign bodies. reti-
hemorrhage.  and

detachment.
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Figure 3-10. Hemorrhagic choroidal detachment.

posterior ruptures may be ascertained when no view
is obtainable preoperatively.

Bvscan echography can be used to identify and
localize foreign bodies and determine their proxim-
ity to other ocular surfaces. Metal,. glass. and plastic
are highly reflective and are seen as bright acousti-
cal point sources. Often. shadowing or loss of
reflectiveness  is apparent behind metallic or other
echogenic  iruraocular ~ foreign bodies, allowing
some insight into the material involved. Plastic,
non leaded glass, and vegetable matter foreign bod-
ies can be detected by ultrasonography,
plain foreign body radiographs or CT scans may
miss these materials. An average foreign body
diameter of I mm is necessary * to permit easy detec-
tion and localization, While both CT- and B-scan
echography are considered excellent for the detec-
tion of metallic intraocular foreign bodies, the 2-
mm cuts of standard computed tomography have
been reported to miss small foreign bodies that
were detected by echography (Weiss. Hofeldt, and
Behrens:  1997).

Foreign bodies that are near other highly reflective
surfaces such as the globe wall, lens, ciliary body, or
iris are more difficult to find. Figure 3-11 demon-
strates such a foreign body adjacent to the globe. wall
(arrow). Foreign bodies that lie outside the globe- may
be more difficult, to detect since fat is highly reflec-
tive and may mask foreign body echoes.

whereas

Spherical

Note echogenic

reflections in the suprachoroidal space (arrow).

foreign bodies such as BBs or buckshot arc particu-
larly easy to find, whether they arc intraocular or
extraocular, The paralle] - surfaces of these spherical
objects cause ultrasonic reverberation within the for-
eign body, producing a trail of duplication echoes that
extend directly behind the main foreign body echo on
the ultrasound screen (Figure 3-12). A small intraocu-
lar air or gas bubble. gives an identical sound pattern.
Unlike the foreign body. however, the air or gas bub-
ble can usually be mobilized during positioning of the
patient's head in a kinetic examination.

Echographic identification of a hernorrhug ic ret-
inal detachment is a grave finding in an eye fol-
lowing trauma. Figure 3-13 illustrates such a
hemorrhagic  retinal detachment. . Most eyes with
extensive subretinal hemorrhage are lost regardless
of the surgical skills employed to save the eye.

Electrophysiology ¢
electrophysiological studies are sel-
in eyes with clear media and retinal
In contrast, eyes with media opacities
and a possible retinal detachment or other posterior
segment disease may often benefit from electro-
physiologic  evaluation. The two primary tests uti-
lized are the bright-flash ERG and the flash visually
evoked response (VER).

Preoperative
dom indicated
detachments.




e A —

Preoperative  Ophthalmic  Echography and Electrophysiology 19

FiJ.;ure 3-11., Intruocular foreign body adjacent to globe. walllarrow).

Figure 3-12. Metallic intraocular foreign body (BB). Arrow demonstrates trail uf duplication echoes extending behind
foreign body.

E lectroretinogram positive waveform, the so-called b-wave (Figure

3-14). The a-wave is derived from the outer retina
The electroretinogram  (ERG) records the electrical (rod and cone photoreceptors), and the b-wave orig-
response of the retina to photic stimulation. Two inatcs from the inner retina (Muller cells and bipo-
principal waves are generated; an initial negative lar cell layer). Also of note, but less clinically

waveform  culled the a-wave followed by a important, are c-wave and oscillatory  potentials.
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Figure 3-D. Traumatic hemorrhagic retinal detachment.

20 msec

Figure 3-14. Electroretinogram  (ERG).

The c-wave represents the hyperpolarization  of the
retinal pigment epithelium and follows the b-wave.
Diffuse degenerations that effect the retinal pigment
epithelium  (RPE) may reduce the c-wave ampli-
tude. Oscillatory potentials are a series of oscillat-
ing wavelets that are superimposed on the
ascending b-wave. These may be useful clinically
as their amplitude is decreased or absent in the
presence of retinal ischemia. Therefore, the oscilla-
tory porenti als may be decreased in diabetic
retinopathy, central vein occlusion, and sickle cell
retinopathy.

In eyes with dense media opacities,
tional ERG light stimulator
- media may not produce enough light to stimulate
the retina adequately. In such cases, a camera strobe
can be used to generate up to 20,000 times more

the conven-
used for eyes with clear

Note blood in the subretinal space (arrow).

light and thus stimulate the retina through major
opacities.  This so-called bright-flash ~ ERG tech-
nique can be particulady useful for the vitrcorcunal
surgeon in evaluating the posterior segment of cycs
with vitreous  hemorrhage or total hyphClllas.
Cataracts alone do not block enough light to neces-
sitate the use of a bright-flash  stimulator.

Clinical application of the ERG is relatively
straightforward if one understands a few basic
principles:

of the a-wave corre-

I, The amp! itude (height)
sponds with the amount of retina that is attached

and functioning  normally. Think of a-wave
amplitude as dependent on normal nutritional

support from the adjacent choriocapillaris.  Total
retinal  detachment  (serous, hemorrhagic. or
exudative) or loss of petfusion of the choriocap-

illaris (ophthalmic  artery ocelusion) results in
abolition of the a-wave,

. The amplitude of the b-wave depends on normal
inner retinal nutrition. Since rheb-wave follows
the a-wave and is initiated by it, anything that
decreases the amplitude of the a-wave will of
necessity decrease the amplitude of the b-wave.
If the a-wave is extinguished, no b-wuve can he
generated. If inner retinal nutrition is compro-
mised, but the outer retina remains intact., a
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decreased b-wave amplitude  will be seen in the
presence  of a normal a-wave amplitude.

3. No ERG s recordable . in a total retinal detach-
ment. . Even minimal  separation  of the phutorc-
ceprors from the retinal  pigment  epithcl ium
causes almost immediate  loss of the ERG.

Application of the above principles allows  one

to predict the ERG response in various elinical con-

ditions.

Central Retinal Artery Occlusion

The inner retina loses perfusion  but the outer retina

remains nourished by the chorioccpillarisw.  Thus, the

b-wave is extinguished or dirniru-hed in the pres-

ence of a normal a-wave.

Proliferative Diabetic Retinopathy

The inner retina sutless progressive  loss of nutrition
Irorn  small-vessel vascular  compromise. causing

loss of oxci llatory potentials and b-wave amplitude.

With  worsening diabetic  changes and retinal atro-
phy or the development of tractional  retinal detach-
rnent.  the a-wave also diminishes.

Central Retinal Vein Ocglusion

In perfused  central retinal vein occlusion  (CRVO).

the b-wave is mainly affected, with liulc effect on
the a-wave. In nonpcrfuscd CRVO and in the pres-

ence of diffuse retinal edema, both the a-wave and

b-wave arc reduced.

Partlial Retinat Detachment

of a-wave
the percentage
a 50%
loss of one-half

The amount of reduction amplitude cor-
of the retina

detachment

responds
detached.
would
tude.
approximately
wou Id he: lost.
Bright-flush
an eye with

roughly  with
Therefare, retinal
cause of the a-wave
is triggered

of the b-wave

ampli-

Since the b-wave by the a-wave,

one-half amplitude
ERG can be particularly-
no fundus

helpful  in

view and an apparent total

retinal  detachment seen by ultrasonography. A
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densely PVD that remains
optic nerve head can simulate
ment. . as mentioned

organized attached  at the

a total retinal detach-

earlier. . In such cases, the pres-.
flash ERG response  excludes

of a total retinal  detachment and

ence of a good-bright
the possibility

establishes the diagnosis.

Visually Evoked Potential

The visually  evoked  potential

evoked cortical
response

(VEP), also known
potential ~ (VEep). or
(VER).  represents the
generated

as the visually
visually evoked
summated electrical
cortex in response
retina. The YEP

electroencephalogram

response
also an intact visual

cortex.  Since

at the visual

of the
within  the
normal YEP

macula = but
to the
are so small in

signal
to visual  stimulation
is smaller and buried
(EEG). A
requires  not only a functional
pathway  from the macula
YEP responses
it is necessary
to summate
Unlike the ERG.
furic tion , the YEP
intcgruy  of the central
Thu s. the YEP provides
opal jue
ot testing.
gers visual
a perfectly
an eye would
YEP response.
and grossly
would have a normal
mal VEP.
The light
pattern

visual
amplitude. to use a signal-averaging
responses.

which  assesses

computer
overall  retinal
evaluates the
of Visual field.
with
means

specifically
6-12 degrees
information in eyes

media that is available by no other
media and count fin-
due to a macular scar can have
ERG
a severely.

Likewise.

An eye with cloudy
potential
normal In contrast.  such

reduced  or absent

rcsponse.
have
an eye with opaque media
optic

but an obviously

compromised function

ERG,

nerve
abnor-
stimulus ~ for eliciting a YEP may be a
or a simple flash
media. only a flash
and Hutton  (1.JX2)

for assessing  mac-

such as a checkerboard
stimulator.

stimulator

In eyes with opaque
can be used. Fuller
a YEP technique
nerve function in eyes
10. 20, and 30 flashes
generates  "steady  state”
that can be evaluated
only (Figure 3-(5).
it is possible « for the vitrcorctinal

have described
ular and optic with  opaque
media
This
soidal

by using
technique

per second.
YEP sinu-
simply by
With  this
surgeon

waveforms
measuring amplitudes
method.
to assess  postoperative visual potential in eyes with
In eyes with

the YEP is

visual

nonv ixua lized posterior

media

segments.

opaque following  severe trauma,

the single  best predictor of postoperative
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Figur~ 3-15. Bright-flash VEP.

however, that an
will have a poor or
the potential  for the
successful  surgi-

recovery. It must be remembered,
eye with a macular detachment
nonrecordable ~ YEP despite
return of useful vision following
cal repair.

Conclusion

Access to ultrasonography  is essential for the vit-
reoretinal  surgeon and has become an integral part
of the preoperative  evaluation of any eye with
opaduc media. Electrophysiology, although of less
practical value than ultrasonography. gives the vit-
rcorct inal surgeon an added dimension in the pre-
opcrut ive evaluation of eyes with opaque media

and can be a distinct aid in the prediction of post-
operative visual function in traumatized eyes with
cloudy media.
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. Laser Photocoagulation
and Cryopexy of Retinal Breaks

David W. Parke I

Retinal breaks. whether atrophic retinal holes, oper-
culated retinal holes. retinal dialyses, or retinal tears
with: a flap under vitreous traction (horseshoe tears).
may be associated with retinal detachments. Under
certain  circumstances. the ophthalmologist may
wish to treat these breaks prophylagtically to reduce
the chances of the development of a clinical retinal
detachment. .
There are five major steps in this process.

. Detection of the retinal break(s)
Making a treatment decision
Selection of treatment modality
Treatment of the retinal breakrs)
Follow-up of treatment

v ieo) [

Detection of Retinal Break(s)

The vast majority of retinal breaks: are asymptomatic.

They are discovered on routine examination of the
pe~ipheral retina by indirect ophthalmoscopy or by
slit lamp biomicroscopic ~ examination either using

a contact lens with angled mirrors (such as a Gold-
mann 3-mirror lens) or a noncontact lens (such as a
78- or 90-diopter lens). Although the prevalence of
retinal breaks has been reported to lie between 4%
and 18%, it is generally accepted that the preva-
lence of asymptomatic  retinal breaks in the general
population is approximately  6%.1 Certain patients,
although asymptomatic,  should be considered at
higher risk for retinal breaks and should be exam-

ined with a higher index of suspicion. This ineludes
patients with a history of retinal detachment in me
fellow eye; astrong family history of retinal detach-
ment; high myopia; disorders associated with vitre-
oretinal traction and retinal detachment such as
lattice  degeneration and Stickler's .+ syndrome;
aphakia; or pseudophakia with anterior segment vit-
reous adhesions or incarceration.

Symptomatic  retinal breaks are much less com-
mon than asymptomatic ~ ones. They are generally
associated  with spontaneous  detachment  (separa-
tion) of the posterior vitreous. This detachment and
subsequent . anterior migration of the posterior ber-
der of the vitreous may induce traction in an area of
vitreoretinal ~ adhesion. resulting in tearing of the
retina. Such tears become symptomatic when they
are accompanied by light flashes (photopsia) or the
sudden appearance of new floaters. These floaters
(which may represent pigmented cells, red blood
cells, or posterior vitreous  condensation) are
described by the patient as "spots,” or (if they are
more numerous) “lines" or “"elouds." A posterior
vitreous condensation  may also be described as a
"cobweb" ~ or a "fishnet.". The photopsia may OCCI!r
only once or may occur repeatedly over a period of
days or weeks. Although these photopsia are gener-
ally noticed in the temporal visual field, this has no
value for localizing the retinal break.

Every patient with the sudden onset of photop-
sia and/or floaters does not necessarily have a reti-
nal break. However, all such patients (unless they
are known to have an unrelated disease causing

23
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examination  to
Although  vitreous

these symptoms) deserve a careful
determine if a break is present.
hemorrhage may accompany a posterior vitreous
detachment  unassociated ~ with a retinal break, the
finding of red blood cells or frank vitreous hemor-
rhage should particularly alert the examiner to the
possibility of a retinal break ..Finding pigment cells
in the vitreous is also highly associated with the
possibility of a coexisting retinal break.

Indirect ophthalmoscopy  with scleral indentation
(also known as scleral depression) remains the most
valuable. method of finding retinal breaks. Although
many breaks can be discovered without the use of
scleral indentation, tiny breaks, anteriorly located
breaks, atrophic  breaks, and breaks in highly
myopic or lightly pigmented eyes may be easily
overlooked if scleral indentation is not performed.
Scleral indentation  also permits more accurate
determination  of the presence and amount of sub-
retinal fluid surrounding a break.

Most comprehensive  ophthalmologists
use biornicroscopic  examination
retina on a routine basis. However, biomicroscopic
examination of the peripheral retina using a contact
or noncontact lens can be valuable when a break is
suspected but not clearly visualized by indirect oph-
thalmoscopy ~ with scleral depression. (A noncontact
lens is preferred by many retina subspccialists over
a contact lens, as it avoids the use of contact lubri-
cants that can make subsequent indirect ophthal-
moscopy difficult.)

If a small., difficult to visualize retinal break is
discovered. the examiner should take careful note
of the location of the break in relation to other more
easily visualized fundus landmarks such as chorioreti-
nal scars. retinal vessels. VQOJlexveins and ampul-
lae, and others. This will greatly facilitate localizing
the break during later treatment. .

do not
of the peripheral

Decisions Regarding Treatment:

Is Treatment Necessary?

If a retinal break is discovered on indirect ophthal-
moscopy or biornicroscopic  examination, the patient
must be informed of the findings, their significance,

.and the management  options. Only then can an
appropriate  management  decision be reached. As
will be noted below, a decision to treat or not to treat
is sometimes quite obvious to the ophthalmologist

and is supported by statistically valid data. In most
situations, however, data do not currently exist to
clearly direct a management  decision. Available
incomplete data and the risks and benefits of thera-
peutic options must be presented to the patient.. In
the hands of an experienced surgeon, the treatment
of retinal breaks should be associated with a very,
very low incidence of complications. However, this
infrequency  of complications  should not be trans-
lated into a rationale to treat all breaks. Treatment of
most asymptomatic  retinal breaks Is not substanti-
ated by available prospective data. Therefore, while
treatment may carry a very low frequency of com-
plications, it can be associated wirh discomfort and
substantial cost, and may be ultimately unnecessary.

If most retinal breaks led to retinal detachment,
the relative incidence of breaks would be similar to
that of retinal detachment. . The incidence of clinical
retinal detachment (0.01-0.02%) is much lower than
that for the discovery of retinal breaks. Byer, in a
long-term i prospective  follow-up of 235 eyes with
asymptomatic  retinal breaks (including 46 eyes with
traction retinal tears). detected no subsequent clini-
cal retinal detachment from the nontrcatcd rears."

Even the treatment of lesions in certain groups
of "high-risk" eyes has not been statistically vali-
dated. A large prospective trial treating vitrcorctinal
pathology in fellow eyes of retinal detachment
patients in Israel concluded that treatment conferred
no significant benefit;' = Yet another study observed
that it is not preexisting pathology that causes sub-
sequent retinal detachments, but new breaks in
retina previously felt to be normal."

How does the ophthalmologist  determine which
breaks require treatment? = Certain criteria-some
"hard" and some "soft"--ean  assist in making this
clinical judgment. .

Symptoms

The presence or absence of associated symptoms
(photopsia and/or new floaters within-several —weeks
of examination) is the most important determinant
of risk. In one seriés, symptomatic  breaks were
associated with subsequent clinical retinal detach-
ment formation in about 30% of cases.~ Therefore,
any break associated with fresh symptoms of pho-
topsia and/or floaters should be strongly considered
for treatment.




Tear versus Operculated Retinal Break versus
Atrophic  Retinal Break

The risk associated  with the various
asymptomatic breaks has not been well
fied. In his series, Mer in et al. discovered
19% of fellow eyes had retinal breaks, 15% of
which later developed retinal detachments." - Of
those  detachments, 71 % came from flap (or
"horseshoe™) tears and only 19% of the breaks
were tears.

Tract ional retinal rears, as noted above.
more frequently  assoc iated with symptoms
are therefore of more clinical significance.  How-
ever. it is not uncommon to find tractional tears
that, by virtue of their appearance and associated
pigment epithelial  reaction, have clearly been
present  for months if not years. Therefore.
asymptomatic  tractional tears themselves do not
necessarily confer a poor prognosis. As noted
above. Byer evaluated 50 tractional tears for up
to IR years without tre atrnerit and without any
subsequent retina!  detachment. Although  the
strongest data favoring treatment of horseshoe
tears are for symptomatic  tears, some ophthal-
mologists ~ believe that all tractional tears should
be treated. Others believe that the treatment deci-
sion should be made on the basis of associated
factors such as symptoms. myopia, family his-
tory. status of the fellow eye. and lenticular status
(phak ia, aphakia. pseudophakia, and impending
pseudophakia).

Atrophic retinal holes with or without associated
lattice degeneration  constitute a very common type
of retinal break. They are very rargly symptomatic.
Furthermore. it is questionable . whether they are
responsible  for symptoms even when associated
with them. Pathophysiologically. they are not asso-
ciated with vitreous traction but with progressive

types of
quanti-
that

are
and

retinal atrophic, changes. As such, they are very
rarely associated  with retinal detachments. and
therefore rarely require treatment.

Operculated  retinal breaks are felt to generally
be low risk lesions as well.. As the flap of the tear
pulls free under vitreous traction creating the
operculum, traction on the break is usually
relieved. Occasionally, — however, vitreous traction
will- remain to the retina surrounding  the hole. If
such traction is detected or strongly suspected.
such lesions may be considered for treatment.
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P hakiat Apha kial Pse udo plzakia
The incidence of retinal detachment in aphakic eyes
is clearly higher than in phakic eyes. Several small
series have suggested that the incidence of retinal
detachment  in aphakic eyes with known retinal
breaks is substantially —higher than in a similar pha-
kic group. Population-based  studies have indicated
that the risk of retinal detachment is 6 to 7 times
higher following modern cataract surgery than in
phakic control groups."

The risk of various types of retinal breaks in the:

pseudophakic ~ eye has not been clearly elucidated.
There is, for example, no clear assessment of
the risk of asyrnptornatic retinal  breaks to the

pseudophakic ~ eye. It is clear, however. that the risk
of retinal detachment is much higher in the eye with
an open posterior capsule than when the capsule_ is
intact." This is probably related to factors including
acceleration  of the posterior vitreous detachment.

changes in the chemical constitution of the vitreous
and/or anterior movement of the anterior vitreous.
While all symptomatic  breaks should probably be
treated and all asymptomatic  atrophic holes should
probably not be treated. lesions of intermediate risk
(such as an asymptomatic  flap tear) arc deemed by
many (in the absence of good data) to be higher risk
in pseudophakic  than in phakic eyes.

Good data do not exist to help guide manage-
ment decisions in phakic eyes with lesions of inter-
mediate  risk that will shortly undergo cataract
surgery or in pxeudophakic eyes scheduled for YAG
cupsu lotorriy, Treatment in such cases should be
individualized  taking into account patient demo-
graphics, associated risk factors, and the character-
istics of the lesion in question.

Myopia

Myopia has been considered an important factor by
some in electing to treat asymptomatic retinal
breaks. Studies published by the Eye Disease Case-
Control  Study Group and by Burton have demon-
strated that myopia from | to 3 diopters is
associated with a fourfold increase in retinal detach-
ment risk and that higher myopia is associated with
a ten times increased risk!©  However, patients

with highly myopic eyes also have an increased

prevalence of asymptomatic  retinal breaks over the
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general population.  Therefore, asymptomatic  reti-
nal breaks in myopia may not confer a statistically

worse prognosis than in emmetropia. Neumann and
Hymas reported in 1972 that only one clinical reti-
nal detachment occurred in a group of 75 myopic

eyes with retinal breaks evaluated for 2 years with-
out treatment. .11 The one break that did progress to a

clinical detachment was a 90-degree tractional tear.
Byer noted a statistical association between high
myopia and subclinical retinal detachments but not

with clinical retinal detachments.? ~ The high risk of
retinal detachment following cataract extraction in
high myopia (12-30%) has led some ophthalmolo-
gists to recommend treatment of retinal breaks in
aphakic or pseudophakic ~ highly. myopic eyes as
well as in highly myopic phakic eyes prior to
cataract surgery.

Fellow Eyes

A history of retinal detachment in one eye clearly
confers a higher than normal risk for retinal detach-

ment in the fcllow eye. Several studies have indi-
cated that prophylactic treatment of retinal tears in
the fellow eye appears to lower the subsequent risk

for retinal detachment.' . While this has not been val-
idated by a large prospective study, most ophthal-
mologists use this information 3s a basis for treating

tears in fellow eyes of patients with prior retinal
detachments, particularly if cataract surgery or YAG
capsulotomy is scheduled.

Associated Subretinal Fluid
It is not uncommon
ated with retinal

asymptornatic.  Strictly speaking.
retinal detachment. . However, such detachments are
considered subclinical or limited if the fluid extends
less than two disc diameters posterior to the equa-
tor.. Therefore, even a eircumferentially  extensive

area of subretinal fluid that remains anterior to the
equator is still subclinical. . Some subclinical retinal
detachments are clearly chronic (based on the asso-
eiated demarcation lines and changes in the under-
lying retinal pigment epithelium). It is not rare to
find multiple subclinical retinal detachments asso-
ciated with atrophic holes and lattice degeneration.

fluid associ-
symptomatic  or
this constitutes a

to find subretinal
breaks, either

There are no data to suggest that these subclinical
detachments  are associated with a higher incidence

of clinical retinal detachment. . The association of
substantial ~ (but subclinical)  subretinal ~ fluid with
tractional tears is considered by most to be an indi-

cation for treatment. .

Other Factors
1
A number of other factors are occasionally
in making a decision regarding treatment.
tears and superior tears are thought
carry a worse prognosis.  There
information  to validate this clinical impression.
Lattice degeneration by itself (separated from
other previously mentioned factors) does not appear
statistically ~ to confer an additional risk.22 Some
ophthalmologists  believe that asymptomatic retinal
tears at the edge of patches of lattice degeneration
warrant treatment because of the associated strong
vitreoretinal  adhesions.
The institution of miotic therapy in patients with
high myopia or aphakia has been associated with

invoked
Large

by some to

is no statistical

retinal detachment.  Therefore some ophthalmolo-
gists recommend prophylactic treatment of tears in
patients  with these findings prior to beginning
miotic therapy.

Conditions such as Ehlers-Danlos  syndrome and
Stickler's  syndrome are associated with a higher

risk of retinal detachment. It is not clear whether
this risk is due to the associated myopia or to the
vitreoretinal ~ pathology inherent in these syndromes.
Tractional tears in patients with these conditions are
generally considered to warrant therapy, regardless
of symptoms.

It has also been suggested that treatment deci-
sions be based in large measure on the relationship
of the tear to the vitreous base." = Tears are thus cate-
gokized as oral if they occur at the ora serrata, intra-
basal if they occur within the vitreous base,
juxtabasal if they occur at the posteriorborder  of the
vitreous base, and extrabasal if they are located pos-
terior ta the vitreous base. Sigelman has suggested
criteria for treatment based in large part on this clas-
sification. He argues that juxtabasal tears carry' the
highest risk of retinal detachment of all postora
tears, and intrabasal

Of all the factors noted above,
associated  symptoms

tears carrying the lowest risk.
the presence of
is the most compelling

argu-




rment for the treatment of retinal tears. All other fac-
tors are supported by less compelling scientific

data. Treatment decisions depend in part on the
association of various factors and the clinical expe-
rience and predisposition of the physician involved.

This is not to say that only symptomatic  breaks
should be treated. but for these the clearest statisti-
cal rationale for treatment exists. Certainly —most
ophthalmologists ~ would recommend treating a large
retinal  tear in a highly myopic aphakic or
pseudophukic  eye. even one without symptoms. On
the other hand. few ophthalmologists would recom-
mend treatment of In asymptomatic  atrophic reti-
nal hole in aphakic patient as there exists no data to
support this action.

Selection of Treatment Modality
There are two basic options for the treatment of
peripheral retinal breaks with or without an associ-
ated subclinical retinal detachment; cryopexy and
laser photocoagulation. Only rarely would other
more invasive treatments (cryopcxy or laser photo-
coagulation in combination with either intruvirrcnl
gas injection. usc ofan cxtrasclcral balloon. scleral
buckling. or primary vitrcctorny) be considered.
These other modalities have essentially no place
in the management of simple retinal breaks. They
may be used occasionally if there is associated
extensive  subretinal ~ fluid, profound vitreoretinal
traction, or significant vitreous hemorrhage.

Cryopexy

Cryopexy involves the use of a nitrous oxide or car-
bon dioxide probe applied to the scleral or conjunc-
tival surface, which causes transcleral freezing with
a~ iceball extending to the pigment epithelium and
usually the retina. The inflammatory reaction medi-
ated by the freezing (and thawing) creates a
choroidal/retinal pigment  epithelial/retinal adhe-
sion. Studies have shown that tight dcsrnosornal

connections  have formed between the retina and
retinal pigment epithelium by 8-12 days following
application."  This follows cellular disruption owing
to destruction of cell membranes. The amount of
necrosis appears to be correlated with the size and
extent of the freeze.
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Within 2 weeks of cryopexy, adjacent retinal
pigment epithelial (RPE) cells slide in to replace the
cells disrupted by freezing. Desrnosornal connec-'-
tions form between the RPE cells and the overlying
Muliers cells. Over subsequent weeks and months
the scar undergoes remodeling. with interdigitation
between the RPE and adjacent Muliers cell plasma
membranes. The maximum strength of the cryoad-
hesion appears to occur between | and :2weeks fol-
lowing treatment. .

Advantages
Cryopexy has several advantages as a treatment
modality. It can be performed in conjunction with
topical. subconjunctival,  or retrobulbar anesthesia.
Treatment of most retinal breaks requires very few
applications  and is generally easy to perform. . with-
out a conjunctival incision for any jeur from the
equator to the ora serrata. It is generally pekformed
as an outpatient procedure in the office. It is partic-
ularly useful in cases where visibility is compro-
mised by vitreous hemorrhage. a pscudophakos

edge, lens opacities. or an opacified peripheral pos-
terior capsule..

Disadvantages

Cryopexy also has several disadvantages. It is diffi-
cult to treat more posterior breaks in most eyes
unless the probe is placed subconjunctivally. It is
associated  wjth more intlammation  than is laser

photocoagulation and with more postoperative lid
swelling and conjunctival chemosis. If topical anes-
thesia alone is used, it is frequently associated with
moderate  to severe discomfort. , For this reason,
many surgeons  will at least supplement topical
anesthesia  with subconjunctival  anesthesia,

Complications

Complications  of treatment are few. A recent retro-
spective study by Roseman and colleagues of 241
eyes with retinal breaks and subclinical —detach-
ments  treated by transconjunctival cryopexy
revealed anatomic retinal attachment in 95% of the
cases.> Epiretinal membrane formation (premacu-
lar fibrosis) sufficient to cause visual symptoms
occurred in some eyes following cryopexy. The
overall . incidence is probably between 1% and 4%.
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The role of cryopexy in epiretinal membrane
mation is unclear.. The RPE cells responsible in part
for the membrane can migrate through the retinal
break without cryopexy or at the time of cryopexy.
It is important to note that clinically and experi-
mentally cryopexy does result in liberation of viable
pigment epithelial cells into the vitreous cavity.!"-

The progression of a very small number of reti-
nal breaks (or retinal breaks associated with sub-
clinicul  detachments) to clinical  detachments
following cryopcxy may occasionally be related to
the cryopexy itself.. Extensive eryopexy can be
associated with intraocular inflammation  and fluid
exudation  (of choroidal origin) into the subretinal
space. These factors, alone or in combination, may
result rarely in retinal detachment. = Some retina sur-
geons also believe that extensive cryopexy may be
associated with sufficient dispersion of retinal pig-
ment epithelial cells and inflammation as to stimu-
late the formation of proliferative vitreoretinopathy.
This has not been proven.

for-

Laser Photocoagulation

Laser photocoagulation is also a very efficacious

mode of therapy for retinal breaks with or without
surrounding  subc Imical retinal detachment. . The
laser energy results in damage to the RPE (where
most of the laser energy is actually absorbed), the
outer retina, and the choriocapillaris. ~ This results in
a retinal-RI'E  bond similar ultrastructurally  to that
from cryopexy. (The individual lesions are, of
course, smallcr.) Several studies have also sug-
gested that the mechanical adhesion formed by pho-
tocoagulation  appears somewhat earnlier following

laser photocoagulation than following  cryopexy

with at least some adhesion present irnrnediarely

following the laser treatment. .

Advantages
has a number

Like cryopexy,
association  with topical,

Laser photocoagulation
advantages.

of practical
it can be performed in
subconjunctival,  or rarely
retrobulbar  anesthesia. With clear media and good
. pupillary  dilation, it can be used to treat lesions
from the ora serrata to the posterior pole. It is par-
ticulagly useful for the treatment of more posterior
breaks. It appears to be associated with less vitre-

ous inflammation and exudation. Laser photocoag-
ulation is also experimentally  associated with less
liberation of viable. RPE cells into the vitreous cav-
ity than is cryopexy. It is not clear whether this is
due to the biomechanics of the laser scar itself or to
the more precise (and generally less extensive)
treatment that the fine control of laser photocoagu-
lation permits.

There are no large studies comparing
results of laser photocoagulation  and cryopexy for
retinal breaks. However, it appears that laser photo-
coagulation is at least as efficacious as cryopexy.
There are reasons to suspect that it might be associ-
ated with less epiretinal membrane formation than
cryopexy (although these data are not available).

the clinical

Disadvantages

Like cryopexy,
peripheral

laser photocoagulation
retina can also be somewhat painful.
Because more precise control of spot location s
necessary, it may be more difficult to perform: in the
photosensitive  patient who cannot maintain rela-
tively good control of fixation. It may also be
impossible  to perform i far peripheral treatment in
the presence of poor pupillary dilation, peripheral
cortical or (in the pseudophakic  patient) of periph-
eral capsular opacification  or dispersion of laser
energy by the edge of a pseudophakos.

of the

Which Laser Wa\'elength Should 81" Used?

The longer exposure times, deeper burns, and
increased discomfort. associated with longer wave-
length (particularly  red) laser treatment probably
constitute a minor argument in favor of green wave-
lengths for transpupillary  laser.. Diode lasers have
also been used in a transconjunctival fashion for
treatment  of peripheral breaks, but are not widely
employed for office-based treatment. .

Cryopexy versus Laser Photocoagu'l~tion

In summary, both treatment
be highly efficacious

modalities  appear to
and associated with a very
low incidence of side effects and complications

Many retinal breaks can be treated with equal
facility with either form of therapy. In general,
cryopexy is most useful for anterior breaks and




eyes with media opacities.
visualization may be
laser photacoagulation.

delivered

In each of these cases,
inadequate  for slit lamp
(Indirect ophthalmoscope-
laser can be performed in many such
cuses.) Cryopexy or indirect ophthalmoscope-
delivered  laser photocoagulation are also the
options of choice in small children and others who
will not cooperate for laser photocoagulation (and
must be sedated).

Laser photocoagulation is definitely easier than
cryopexy in more posterior breaks. It is also gen-
erally easy to perform regardless of break location
in adults with good dilation and no peripheral lens
opacities. Even the most anterior of breaks can fre-
quently be treated with an indirect delivery system
and scleral indentation. Laser also possesses the-
oretical advantages in eyes with large breaks or
those requiring  extensive  treatment, since it
induces less inflammation and less RPE cell dis-

persion. It is also frequently a more comfortable =
procedure for the patient. and is associated with no
postoperative  lid or conjunctival  swelling.  Most
importuru ly. however. laser is associated with less
exudation of fluid than cryo and it experimentally

appears to form a biorncchanicu! adhesion

between rcti na and RPE more rapidly than does
Ccryopexy,

Treatment ~ Technique

Cryopexy

The patient should be placed in the supine position.
either in an examining chair or on an examining or

operating ruble. Topical, subconjunctival,  or retro-
bulbar anesthesia may be used. In general most
treatment can be performed comfortably  with the

use of subconjunctival lidocaine (Xylocaine)
2%. This can be administered using a 30-gauge nee-
dle and tuberculin syringe following topical anes-
thesia with proparacaine 0.5% and lidocaine 2% on
a cotton-tipped  applicator applied to the injection
site. If retrobulbar anesthesia is used, the resulting
ak incsia may require that a musele hook or scleral
depressor be used to rotate the eye into a position
where the retinal break can be visualized and the
cryoprobe easily positioned.

A nitrous oxide or carbon dioxide cryoprobe may
be used. The probe should be primed so that the

1% or
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probe. tip temperature of -50°C to -80°C is achieved
within several seconds. The probe should be placed
on the conjunctiva and the patient asked to look in a
direction that allows easy indentation of the borders
of the; retinal break or subretinal fluid by the tip of
the cryoprobe (Figure 4-1A). Care should be taken
to ensure that the; indentation  visible ophthalmo-

scopically is caused by the probe tip and not by the

probe, shaft., If the shaft is indenting the sclera, either
no visible freeze will occur (the tip is not applied
against the globe) or the freeze will be much more
posterjor than intended (Figure 4-1 B).

The area to be treated should then be frozen with
the ophthalmologist

the cryoprobe.  In general.

Figure 4-1., A, Scleral indentation at the retinal break by
the tip of the cryoprobe. B, "False” scleral indentation at
the retinal break by the cryoprobe shaft.
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should aim for a 1-2-mm diameter area of retinal
whitening.  This can usually be achieved by releas-
ing the foot-pedal the instant retinal whitening is
first observed. Do not overfreeze. A single retinal
freeze should not be ailowed to enlarge to cover a
large retinal break. This results in extreme necrosis
of the center of the cryo reaction, encourages pig-
ment epithelial  cell liberation, and increases the
inflammatory  reaction. It is preferable to use multi-
ple, overlapping small cryo marks rather than one,
single, large cryo mark (Figure 4-2).

After each freeze has been stopped, do not move the
cryoprobe.. immediately but wait until there has been
thawing of the probe from the conjunctiva. This can be
facilitated by irrigating the tip of the cryoprobe- with
balanced salt solution. Premature movement of the
cryoprobe,, can, result in subconjunctival, episcleral, or,
rarely, choroidal hemorrhaging. After the iceball has
vanished ophthalmoscopically, there may be no visible
residual of the freeze. (Occasionally a faint gray color
will persist.) Therefore, the ophthalmologist  should
carefully note the location of each zone of retinal
whitening to allow proper overlapping of cryo marks
without rctrcatrnent or skipped areas of nontrcatrnent.

If no iceball is visible ophthalmoscopically  after
a reasonable  period of freezing (4-6 seconds
depending on the cryo unit), check (I) to make sure
the cryoprobe tip is directly applied against the
sclera (not on the lid, angled improperly, or over a
rectus muscle; a longer freeze may be necessary in
this last case) and (2) to ensure proper machine
function (gas pressure, probe function).

Which specific area should be treated'). If no sub-
retinal fluid is present, treatment should be directed
to the borders of the retinal break. There is no pur-

Figure 4-2. Proper application of the multiple cryo spots.

pose in treating the bare RPE in the middle of the
retinal break. (There is no overlying retina in this
area to create an adhesive bond.). The surgeon
should attempt to leave a I-disc-diarneter ~margin of
cryo reaction around all edges of the retinal break,
If the break is under significant traction, a wider
zone of treatment should be placed anteriorly in
case there is further enlargement of the break ante-
riorly from traction on the flap. If a sufficient mar-
gin cannot be created between the break and the ora
serrata, treatment should be extended anteriorly to
the ora serrata on each side of the break.

If there is subretinal fluid, treatment should be
directed at the borders of the subretinal fluid rather
than at the borders of the retinal break (Figure 4-3).
Cryopexy will not generally cause resolution of the
subretina! fluid. Therefore, treatment of barders of the
bregk will result in no adhesion because of the physi-
cal separation of the RPE and retina caused by the
subretinal  fluid. Treatment must therefore be directed
at the border between attached and detached retina.
Again, if fluid extends anteriorly to the ora serrata,
treatment must be extended to the ora serrata,

Following  cryopexy, the patient should be
instructed to use cold compresses or ice packs to
reduce lid swelling. If there has been extensive treat-
ment, the surgeon may wish to use topical cortico-
Steroids for 3-5 days to decrease conjunctival
inflammation.

Laser Photocoagulation

Most patients can; be treated comfortably under top-

ical anesthesia. In some patients, retrobulbar anes-

Figure 4-3. Proper application of cryo spots to surround
subretinal ~ fluid and link with {he ora scrrara,




Laser Photocoagulation

thesia may be necessary. Using a slit lamp delivery *
system, once the retinal break has been located
using a contact lens, a test burn should be placed in
nearby attached retina. A 200-0101 or, preferably, a
500-0101 spot size should be utilized. A duration of
0.1 or 0.2 seconds can be used. Generally, power
settings in the range of 100-300 mW with a green
wavelength  laser will be required for the desired
gray-white retina/RfE~ bum for a 200-0101 spot size;
power settings of 200-500 mW are typically used
for a 500-0101 spot size. It is safest to start with
lower power settings and work upward. If an indi-
rect ophthalmoscope delivery system is utilized,
similar spot durations should be employed with
power settings to achieve the same visible gray-
white endpoint. .

If no subretinal fluid is present. the borders of
the retinal break should be surrounded by a double
or triple row of confluent laser photocoagulation
(Figure 4-4). [f the break is under traction, a more
generous treatment margin should be placed anteri-
orly to provide a good margin of treatment in the
event of further anterior tearing of the retina from
traction on the flap. If the break is close to the ora
serrate. treatment should be extended anteriorly to
the ora serrata,

If subrerinal  fluid is present, treatment should
again be directed at the attached retina just beyond
the border of attached and detached retina. There is
no purpose in attempting to treat detached retina.

Occasionally, laser photocoagulation — will be dif-
ficult to achieve in the very far peripheral retina just
posterior to the ora serrata. This is particularly true
in cases of cataract, poor pupillary dilation, or opti-
cal aberration from a posterior chamber intraocular

Figure .1-4. Proper application of laser bums around a
retinal break.

and Cryopexy of Retinal Breaks B!

lens or peripheral posterior capsule opacification.
In these situations, it may be necessary ' to place one
or several cryo marks to link the most anterior

aspect of the laser photocoagulation  with the ora

serrate  or to use the indirect ophthalmoscope-
delivered laser.
Following laser photocoagulation there is gener-

ally no need for topical medication.

Follow-Up  Care

In general, the patient should be instructed to return
for a follow-up evaluation about one week follow-
ing treatment. , There are no data to suggest that
restriction  of activity plays any role in efficacy of
treatment or in later complications. In general a sat-
isfactory  ophthalmoscopic appearance at | week
following treatment will be associated with a satis-
factory « eventual outcome. although patients should
generally be reevaluated again within 3 to 6 weeks.
At these exam inations care should be taken to
assure that subretinal fluid has not extended through
the prior treatment. _ If this has occurred. the patient
should generally be retreated.

It is important to counsel. patients
symptoms that might suggest subsequent new reti-
nal breaks or subsequent detachment associated
with treated breaks. Several studies have suggested
that patients have between a 590 and 10% chance of
developing a new retinal tear in an eye that has pre-
viously undergone treatment. = Such tears may occur
remote from the area of treatment or may occur at

about the

the border of the treatment scar and normal retina.
Therefore, any patient with new photopsias, sub-
stantially ~ different floaters, or a peripheral field

defect should be promptly
In the months following

reevaluated.

treatment  (particularly

cryopexy)  the treated area may become more
atrophic  in appearance.  If treatment was placed
around the borders of a subalinical retinal detach-

ment, the fluid within these borders will generally
persist. | The ophthalmologist ~ should therefore not
expect subretinal fluid within the borders of treat-
ment to disappear entirely, although it may eventu-
ally do so,

Patients should be informed that treatment of
retinal breaks is successful in about 95% of cases.
Careful follow-up is necessary since 5% to 14% of
eyes will subsequently develop new breaks in either
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eye.!? Counseling regarding the symptoms of new
tears and retinal detachment is mandatory. Patients
should be instructed ta cover the noninvolved eye
regularly in the weeks following treatment and
check their peripheral visual field. They should
know that prompt management of a retinal tear may
eliminate the need for retinal detachment surgery
and that prompt management of a retinal detach-
ment optimizes the chances for best final visual
acuity. Additionally. patients should be informed of
epirctinal membranes as a late complication of reti-
nal tears-treated or untreated.
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Pneumatic Retinopexy

Paul E. Tornarnbe

This chapter emphasizes  case selection, surgical
technique. and complications of pneumatic
retinope  Xy.

Pneumatic retinope xy, a term coined by
George Hilton in 1985, uses a positioned intra-
vitrca | gas bubble. to reattach the retina. Recent

reports with this technique describe a single oper-
ation success rate of 8]% and an overall success
rate of 1JS'7c. These results are comparable to those
of scleral buckling techniques.
The intraocular  bubble works
buoyancy-it pushes

in two ways: (1)
the retina against the reti-
nal pigment epithelium. and (2) surface tension-

it closes the retinal break, preventing liquid
vitreous access to the subretinal space. The action
of the retinal pigment epithelial  (RPE) pump
removes the remaining  subretinal  fluid, thereby
reattaching  the retina. The gas bubble reduces a
retinal detachment  to its primary component, a
retinal tear.. Once apposed to the eye wall, the

retinal tear can/be treated as one never associated
with subretinal ~ fluid, that is, with cryopexy or
laser.. Continued apposition  of the bubble. to the
treated retina is maintained  unti | a chorioretinal

bond has formed. Once the edges of the break are
sealed, eddy currents induced by eye movement
wi Il not dissect beneath the edges of the break
and the retina will remain attached. The retinal
dctuchrnent ~ will recur if vitreous forces on the
tear exceed the chorioretinul adhesion  forces or
if new breaks occur.,

Patient Selection

The success of pneumatic  rerinopexy  demands
cornp liance , Patients  selected  for pneumatic
retinopexy must be mentally and physically able (o
follow postoperative instructions. A senile- or
severely arthritic patient may be unable to rnuiruain
proper positioning.  Patients with chronic obstruc-
tive pulmonary disease or congestive heart failure
may be unable to assume the horizontal position
necessary to close breaks at ] or 9 o'clock. How-
ever, if medically compromised patients can tolerate
the positioning. pneumatic rctinopexy poses a lower
surgical risk than conventional  buckling surgery.

Ocular Considerations

Pneumatic  retinopexy is an intraocular. procedure.
Attention should be directed toward lid hygiene,
active hordeolums,  or conjunctivitis. Eyes that
have recently undergone intraocular  surgery will
have weakened sclera. A sudden rise in intraocular
pressure could rupture a fresh wound, resulting in
tissue prolapse. Eyes with severe glaucoma may
not tolerate, even temporarily, elevated intraocular

pressure. Such eyes should be treated with other
techniques or softened sufficiently  prior to injec-
tion of the gas bubble. Eyes with an unstable
intraocular  lens may not be good candidates for
this procedure.
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Retinal Considerations
Pneumatic  retinopexy may be used to treat retinal
detachments  associated with retinal breaks, sepa-
rated by up to 6 clock hours (180 degrees), located
in the upper two-thirds of the fundus. Pneumatic
retinopexy has been successfully used to treat reti-
nal detachments associated with mild vitreous hem-
orrhage and posterior breaks, including macular
holes. Although retinal breaks. up to 2.5 clock hours
in size have been successfully treated with pneu-
matic retinopexy, most retinal surgeons limit this
technique to retinal breaks up to | clock hour in
size. It may be used to treat retinal detachments
associated with mild proliferative vitreoretinopathy
(PYR) with star folds present in up to two quadrants
of the retina (PYR C~). as long as the star folds do
not exert direct traction on the retinal breaks. This
procedure should not be used for detachments asso-
ciated with inferior breaks located between 4 and 8
o'clock. Eyes that demonstrate severe vitreoretinal
traction. have extensive lattice degeneration (greater
than 3 clock hours). or whose fellow eyes have sus-
tained a giant retinal tear may not be good candi-
dates. However. a very limber, motivated patient
with a break at 5 or 7 o'clock may be adequately
positioned and treated with pneumatic retinopexy.
Pneumatic retinopexy requires that all pathologic
conditions be identified prior to injection of the gas
bubble. The surgeon relinquishes the comfort of the
operating  room environment, where a relaxed.
sedated patient with an open conjunctiva  may
undergo deep scleral depression. Inadequate visual-
ization of the peripheral retina because of a poorly
dilated pupil.. media opacities, pseudophakia, or

peripheral  secondary capsular opacities may result
in failure to detect a small break. resulting in fail-
ure of the retina to reattach.

Bubble Characteristics

The application of pneumatic retinopexy requires
an understanding  of intraocular gas expansion and
geometry. The gas most frequently wused is sulfur

hexafluoride ~ (SFy. Petfluoropropane  (C,Fg or PFP)

is used occasionally. Both gases are inert, have poor

in water. and due to their high molecular
diffuse poorly out of the eye. Once the gas
into the vitreous cavity, osmotic forces

solubility
weight,
is injected

draw in nitrogen and oxygen, expanding the volume
of the gas bubble. A 0.3-cc injection of 100% SF6
will increase in size 2.5 times (i.e., to 0.75 cc)
within 48 hours, while a 0.3-cc injection of 100%
PFP will quadruple its volume (i.e., to 1.2 cc) in 72
hours. The greatest expansion of both gases occurs
within the first ]12~24 hours. The SF6 bubble usu-
ally persists 10-14 days, while the PFP bubblew
should last 4-6 weeks. A late rise in intraocular
pressure owing to gas bubble expansion has not
been reported. This is because the gas bubble acts
as "internal tonography" and eyes with a relatively
normal outflow facility compensate well.. A poten-
tial problem might exist in eyes with glaucoma sec-
ondary to severely compromised outflow facility.
These eyes may be treated with paracentesis as well
as carbonic anhydrase inhibitors for a few days fol-
lowing the procedure.

Intraocular Bubble Geometry

In an ernrnetropic  eye, a 0.3-cc bubble will subtend
1 clock hour of peripheral retinal arc. Much more
gas is required to cover greater areas of retinal arc.
A 0.8-cc bubble is necessary to subtcnd :2clock
hours at the equator. while a 2.4-cc bubble will sub-
tend 6 clock hours (Figure 5-1).

Bubble Selection

Selection of the gas depends on the eye's facility for
outflow and the size, location. number of retinal
breaks, and existing vitreoretinal traction forces. A
O.l-cc injection of 100% PFP will expand to 0.4 cc
over 3 days. This may be adequate to treat a small
retinal break. However. . if the break is larger.. an ini-
tially small gas bubble may not close the break and
could even pass through the retinal break into the
subretinal  space.

If there are several breaks several clock hours apart,
a longer-acting bubble. may be necessary to close the
breaks sequentially or alternately. h is not necessary
for a single bubble to treat all pathologic findings
simultaneously  (see section "Postoperative Care").

The degree of vitreorctinal traction must be con-

sidered. If significant vitreorctinal traction exists.
bubble-break  apposition may be necessary for sev-
eral weeks, that is, until the choriorciinal scar has
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Figure 5-1. Bubble size versus arc of contact (errunetropic eye),

firmly  evolved.
longer-acting

Under such circumstances, a
bubble would be required. If the
detachment  is due to an atrophic or operculated
hole with little. residual vitreoretinal  traction, a
shorter-acting  bubble is satisfactory.

Surgical ~ Technique

The procedure may be done in the office examin-
ing chair, an outpatient facility, or rarely in the oper-
ating room (Table. 5-1). Anesthesia is obtained by

subconjunctival  or peribulbar injection. Retrobul-
bar anesthesia is not necessary.

Light peripheral  laser photocoagulation is
applied to attached retina between the insertion of

the vitreous base and ora serrata (Figure 5-2A).
Cryopexy is applied to the teur(s) (Figures 5-2A and
5-3A) unless the "steamroller maneuver" is antici-
pated (see the following section). Cryopexy can be
omitted and laser (delivered with the laser indirect
ophthalmoscope  using scleral depression) applied a
few days later/ when the break has flattened (see
Figure 5-2C). However, photocoagulation  can be
difficult in a partially gas-filled eye. Visibility is
limited and care should be taken not to overtreat the
retina with laser in areas in contact with gas. With-
out the “insulating effect" of the liqu id vitreous,

thermal burns can be excessive, resulting in retinal
necrosis and hole. formation.

A lid speculum is inserted and five drops of
povidone-iodine (Betadine  solution) are instilled
and left in place for 3 minutes. The conjunctiva is
then dried. A paracentesis (0.2-6.3 ml) is pesformed

now, with a 27- or 30-gauge needle~ on a plunger-
less syringe, before gas bubble injection. The exact
volume of gas (0.3-0.5 cc) to be injected is drawn
through a millipore filter into a 1- or 3-ml syringe.
With the patient supine, the head is turned 45
degrees to the opposite side so that the needle- is
perpendicular  to the sclera (avoiding the lens) and
points inferiorly toward the center of the globe and
directly toward the tiooL The sclera is perforated
with a 27 - or 30-g~luge, I{z-inch needle. 34 mm
from the limbus, preferably away from highly
detached retina or large open retinal breaks. Do not
inject where the pars plana epithelium is detached.
Once the needle is in the vitreous cavity, it is pulled
back so that only 2 mm of the tip is in the eye. The
entire gas volume in the syringe is briskly injected.
This permits injection of gas into the forming bub-
ble so that a single bubble. is created around the nee-
dle tip (Figure 5-3B). As the needle is withdrawn,
a cotton-tipped  applicator. is placed over the pesfo-
ration site and the patient's head is rotated to pre-
vent gas from escaping through the sclerotomy. If
the bubble is in the vitreous cavity, it will move to
the most superior position in the eye. If the bubble
is anterior to the anterior hyaloidal face, it will not
move as the head is rotated and will appear oval.. If
it is under the retina, the bubble< will look like a
white, round pearl. mobile in the subretinal space.
If multiple bubbles are present, the eye can be
"flicked" with the index finger or a COlton-tipped
applicator, which will. force the bubbles to coalesce.
The head should be turned 45 degrees to the oppo-
site side so that the bubbles are positioned at the
pars plana, away from the retinal breaks. That area
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Table 5-1, Brief Summary of Protocol

A. Preoper-ative

1%
25

Dilate pupil

Subconjunctival  anesthesia

B. Operative

1.
25
3.

Patient supine.

Laser 10 periphral attached retina.
Transconjunctival — cryopexy of retinal break: defer
if steamroller technique is contemplated or if
planned laser to peripheral retina when attached.
Place eyelid speculum.

Treat conjunctiva with 5 or 6 drops of povidone-
iodine (Betudinc solution) and wait 3 minutes.
Paracentesis.

Dry injection site 3-4 mm posterior to limbus
with cotton-tipped  applicator.

Briskly inject 0.3 cc sterile (Millipore filter) perflu-
oropropane or 0.5 cc sulfur hexafluoride gas with a
tie-inch  30-gaugc needle: through uppcnnost  pars
plana ‘with needle. pointing toward the floor.
Cover conjunctival perforation with sterile cotton-
tipped applicator as needle. is withdrawn. and turn
head to move gas bubble away from injection site,
Observe central retinal artery. If the artery is
closed. wait up to 10 minutes. If artery docs not
start 10 pulsate. usc paracenlesis.

Steamroller technique. if indicated. is performed
now.

Continue to monitor central retinal artery and
intraocular  pressure (applanation) until the artery
is parent and nonpulsatile. Apply cryopcxy if
steamroller technique was used.

Apply topical anubiotic and eye pad with alTOW
drawnfor  positioning.

Administer acetazolamide (Diarnox) ~50 rng four
times daily if patient has glaucoma or will drive
to a higher altitude. not exceeding 4.000 feet.

C.. Postoperative

1

Instruct patient La position head so that the retinal
break is uppermost (to position the gas bubble at
the break site) for 16 hours a day.

Examine in office on first postoperative day. Dis-
coruinue use of eye pad.

Prescribe topical antibiotic and steroid solution
four times daily.

Continue head pnsilioning for 16 hours a day for
:;days. Patient may sleep ou side for R hours each
night but should not sleep on back.

Follow-up examinations at | and 3 days. and at I.
2.4. R. 16.and 26 weeks.

Patient can return to work 3-4 weeks after surgery.

should then be "flicked" through the eyelid. [f this
is not successful, the patient should rCl11:linin a
position to keep the small bubbles away from a
large open retinal break for 24 hours. The multiple
bubbles (“fish eggs") will usually coalesce over
12-24 hours. If a bubble passes under the retina,
massaging it toward the break and back into the vit-
reous cavity can be tried with a scleral depressor. If
this is not successful and the bubble is small, the
eye should be observed closely. If the subretinal

bubble is large. it should be removed.

Immediately  after the injection, {he central reti-
nal artery is monitored. If the artery is closed, the
time is noted with a stopwatch ta measure the dura-
tion of closure. The absolute value of the intraocular
pressure is not as important as the patency of the
central retinal artery® In eyes containing gas. a 28-
diopter lens provides the best view of the retina.
Elevated intraocular pressure is usually nOl a prob-
lem after the intraocular injection of less than 0.5
cc of gas if a paracentesis has been performed. If a
paracentesis  has not been performed before gas
bubble insertion. or more than 0.5 cc of gas is
injected, immediate elevation of intraocular pres-
sure to levels between 30 and 70 mm Hg is comn-
monly observed.  but pressure usually rctur nx
toward normal within 30-60 minutes. The intraocu-
lar pressure  must be monitored by applanation
tonometry, because Schiotz readings will be falsely
low. If the central retinal artery  remains nonpnrcn:
and nonpulsatile 10 minutes after the gas injection.
a second paracentesis is done. Removal of a ponion
In phak ic eyes or

of the gas is rarely necessary.
those with an intact posterior capsule. a limbal para-

centesis is done. In aphakic eyes or those with an
open posterior capsule. the needle is introduced

through the pars plana and angled into the anterior
chamber, where aqueous can be aspirated. This will
avoid vitreous incarceration at the limbus. Once the
intraocular  pressure has returned to normal. , even
though the gas will later expand, a rise in intraocu-
lar pressure has not been noted.

If the detachment is so bullous that the central
retinal artery ' cannot be visualized. the.patient, in a
sitting position. leans forward face do~n. The head
is (hen rotated 50 that the gas bubble rolls nasal ly
over the optic nerve. pushing the overhanging retina
away. This will usually permit a view of the nerve
and the central retinal artery.
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L

Cryopexy

Bubble

New laser

Old laser

Subretinal
fluid

Fil:ur.

5-2. A, Laser photocoagulation
Avoid placing laser bums near detached retina. Light cryopexy is applied to the edges of the retinal break. B, After Bela-

dine prep and paracentesis. intravitreal

retina will not rederach.

The Steamroller Technique

The “steamroller*  technique can be used to force
subretirial ~ fluid back into the vitreous cavity. The
maneuver is recommended  when the gas bubble
might displace spbretinal fluid beneath an attached
macula or an attached inferior retinal break (Figure
5-4)lor to prevent a macular fold (with a superior
detachment and a large bubble). It can also be per-
formed to "debulk" the overall size of the retinal
detachment  resulting in more rapid reattachment. |
The patient, in a sitting position, leans forward face
down (Figure 5-5A). Over a IO-minute period, the
patient's position is slowly changed from face down
to a head position in which the retinal break is
uppermost  (Figure 5-58). If this maneuver is antic-
ipated, cryopexy should not be applied prior to gas

is first applied to attached retina between the insertion of the vitreous base and ora.

gas bubble is injected. C, 24-48 hours following gas injection. the retina attaches
and laser is applied. D, If a new (or missed) retinal break develops after peripheral

laser (in this case at 6 o'clock), the

injection to minimize the chances of displac ing
viable RPE cells into the vitreous cavity. Although
there may be a potential for displacing viable. RPE
cells inta. the vitreous cavity, the Pneumatic
Retinopexy Clinical Trial did not show an increased
incidence of macular pucker or PYR in eyes that
had the steamroller maneuver performed.

A subconjunctival antibiotic  may be adminis-
tered near the injection site, The eye is patched and
an arrow drawn on the patch to indicate the correct
postoperative  head position (i.e., the arrow should
be aimed toward the ceiling). Alternatively  the
Escalon Pneuma Level can be used. This is an
inexpensive  (about $5) i-inch, fluid-filled plastic
disc containing a small air bubble with 12 clock
hours printed on its face (Figure 5-6), It is affixed to
the eye patch and the head positioned so the bubble
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Figure 5-3. A, Cryopcxy is applied to the retinal break.
H, The needle is perpendicular to the floor so that the bubble
forms around the needle tip avoiding "fish eggs."

lies over the desired clock hour. It greatly improves
patient compliance and is particularly useful to aid
positioni ng for breaks in the difficult 4 and 8
o'clock meridians.  The patient and family are
shown with a mirror the correct head posture to be
maintained as long as possible for the first 24-hour
period. A postoperative  instruction  sheet is given
restating the procedure, medication, instructions,

restrictions, and date for return visit.. The. patient is
. to use topical antibiotics four times daily, and pred-
nisolone acetate drops four times daily for 10 days.
For patients with glaucoma or those who will travel
immediately by car to higher altitudes (no greater

.exist,

Figure  5-4. The gas bubble may displace subretinul fluid
beneath the macula.

than 4,000 feet), carbonic anhydrase
recommended for 3 days to minimize the chances
of an excessi ve postoperati ve pressure rise. Air
travel is avoided until the bubble completely

resorbs. The patient is usually asked to return for a
follow-up examination the following day.

inhibitors  are

Postoperative Care

It has been recommended
tioned so that the bubble

that the patient be posi-
is apposed to the retinal

break for 16 hours a day for 3-5 days. Positioning

duration depends upon the extent of vitreoretinal
traction. For example, a retinal detachment sec-
ondary to a small, round break may be treated with
bubble positioning until the break is flat. If there are
no vitreoretinal traction forces, the RPE pump will
hold the break apposed to the RPE while. the chorio-
retinal adhesion forms. However, in cases with
extensive vitreoretinal  traction, bubble apposition
may be necessary for longer periods of time.

It is not necessary - for the bubble to be in contact
with all breaks simultaneously.  If multiple breaks
the patient is positioned so-that the bubble
closes the most superior breaks for the first few days.
Then the patient is repositioned to close the remain-
ing breaks. The patient can also be positioned alter-
nately during the day so that all breaks are in contact
with the bubble. for a few hours each day.

Patients are examined on postoperative day l. If
the retina is flat, the patient returns in | week. If there
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Figure 55. Steamroller maneuver. The patient is positioned face down (A), then slowly rotated so that the bubble_rolls on
the surface of the retina toward the retinal break (B), displacing subretinal fluid into the vitreous -cavity.

Figure 5-6. The Pneumo Level adheres to the eye patch
and the patient! is told to position his or her head so that
the bubble is placed at a specific clock hour, in this case
2 o'clock.

has been little resorption of subretina! fluid after 24
hours, either an open or new break exists or the
patient has not been positioned properly. A total bul-
lous retinal detachment usually flattens completely

within a few days. Sometimes thick, turbid subretinal

fluid persists inferiorly and may take several weeks
to resorb. As long as the macula is attached, these are
managed conservatively.  In some cases, isolated

pockets of subretinal fluid in the midperiphery linger
for weeks or months. These eyes should also be man-
aged conservatively; the fluid eventually resorbs.

If the retina flattens within a few days, the
patient is rechecked in 7-14 days. Use of topical
antibiotics and steroid drops is maintained for 1~2
weeks. The patient. is then seen on postoperative
days 30, 60, 120, and 180. The patient is warned of
the possibility of developing a new retinal break
and told to notify the surgeon immediately if new
flashes, floaters, or a curtain develop.

Patients are also instructed to contact the sur-
geon immediately if pain or loss of vision occurs,
particularly ~ within  24-72 hours after the intraoc-
ular injection, since this may represent the onset
of endophthalmitis, which requires  immediate
treatment.

If the retina redetaches while gas is still in the
eye secondary to a new break in the upper two-
thirds of the fundus, the patient is repositioned to
close the new break. If the bubble has absorbed or
is not large enough, pneumatic  retinopexy is
repeated. If the break occurs inferiorly, a scleral
buckling procedure is petformed.

The patient may resume full activity 2=4 weeks
after successful reattachment but is instructed not
to fly or ascend to altitudes greater than 4,000 feet
until the bubble completely resorbs. If the patient
must undergo general anesthesia, the anesthesiolo-
gist should be warned of bubble expansion and
induce the anesthesia  appropriately (no nitrous
oxide should be used).
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Intraoperative ~ Complications

The most serious intraoperative ~ complication  of
pneumatic retinopexy is the subretinal injection of
gas (Figure 5-7). If proper technique is followed

(i.e., avoiding "fish eggs"), this complication can be
avoided. If it does occur, the patient should be posi-
tioned and the eye massaged to displace the bubble
back intq the vitreous cavity. If the bubble is small,
the patient can be managed conservatively. If a
large bubble exists' in the subretinal space, it must
usually be surgically removed.

The complication of injection of gas anterior to
the anterior hyaloid is usually easily treated by
immediately reinserting the needle through the pars
plana into the affected area with the barrel of the
syringe removed. The gas will disperse passively. A
new bubble can then be injected.

Damage to the lens is possible but should not
occur if proper technique is used. Although a hemor-
rhage may occur at the pars plana injection site, it
usually is not significant. . Central retinal artery occlu-
sion is possible and must always be considered. If the
central retinal artery isglosed for 10 minutes follow-
ing the bubble injection, paracentesis is performed.
The patient must not be discharged until the artery is
patent and at least light perception documented. The
intraocular pressure usually returns to the mid-20s
within | hour following the injection of 0.3 cc of gas.
A late rise in intraocular pressure has not been noted.

Displacement of subretinal fluid into the macula,

macular folds or displacement  of subretinal fluid
inferiorly, elevating an inferior break, can be
avoided if the steamroller technique is used.

Figure 5.7.

If the gas is injected from below. "fish eggs"
will always result and may pass into the subretinal space.

Postoperative ~ Complications
The most common postoperative  complication  of
pneumatic  retinopcxy is failure of the retina to re-

attach owing to new or missed breaks. Failure of
the retina to reattach within a few days usually indi-
cates an open break. New breaks may occur imme-
diately following the bubble injection, within the
first few days, or even after several months. This
may be due to increased traction ?r movement by
the bubble, or contraction and separation of the vit-
reous. If the new break is not associated with sub-
retinal fluid, it is treated with the laser or cryopexy.
If the retina redetaches because of a new break in
the upper two-thirds of the fundus. the pneumatic
procedure can be repeated. Recent studies show that
if a new retinal break occurs, the overall final
anatomic and visual results with additional surgery
are comparable to conventional  primary buckling

surgery.
One case of postoperative  endophthalmitis to
date has been reponed  following  pneumatic

retinopexy. There have been no reported
severe uveitis or choroidal detachment.

cases of

Case Selection and Surgical Technique
One operation success is strongly
phak ic status of the eye. the number of retinal
breaks, and the extent of the retinal detachment. .. A
phak ic quadran tic retinal detachment  with one
superior break carries a higher success rate than a
total pseudophakic  detachment with multiple reti-
nal breaks. Light peripheral laser photocoagulation
between the insertion of the vitreous base and ora
serrate may also improve the single procedure suc-
cess rate by prophylactically.  treating overlooked
small breaks in attached retina, or by "pretreating"
retina in an area where a new break later develops
(see Figure 5-2D).

influenced by the

A Different Philosophy

The most important parameter to judge an ophthal-

.mological  procedure  is vision. Visual acuity
describes how one perceives the cye chart. vision
describes how one perceives the environment. . A

20/20 single operation surgical result might not be



considered  a success if objects are severely dis-
torted. smaller or double. Pneumatic retinopexy
does not change the shape of the eye nor interfere
with the extraocular muscles: therefore it has the
best chance to restore pre-detachment vision. Sight
also returns more quickly following PR than scle-
ral buckling. allowing patients to return to their nor-
mal lifestyle. faster.. Pneumatic retinopexy (an office
procedure) is much less costly than scleral buckling
(an OR procedure). Pneumatic retinopexy may have
a lower single operation success rate than scleral
buckling for some types of retinal detachments
(pseudophakic, ~ multiple breaks, more extensive
areas involved). However, several authors have
shown that a failed pneumatic attempt does not dis-
advantage the eye to ultimate anatomic and visual
success. If final vision, patient morbidity, and cost
are weighed against single operation success, pneu-
matic retinopexy remains a reasonable procedure to
try first.

Conclusion
Pneumatic rcrinopcxy  is useful for the treatment of
selected retinal detachments secondary to retinal

breaks= less than | clock hour in size located in the
upper two-thirds of the fundus. It has also been suc-
cessfully used to treat retinal detachments  sec-
ondary to multiple retinal breaks separated by up to
180 degrees: giant tears: posterior breaks, including
macular holes: and detachment associated with star
folds that do not exert traction on the retinal breaks.
Multiple. breaks, pseudophakia, and subretinal fluid
greater than 180 degrees are negative prognostic

indicators that will lower the single operation suc-
cess rate. However, a pneumatic failure does not
disadvantage  the eye in terms of a successful

anatomic or visual outcome. Pneumatic retinopexy

offers the advantages of minimal tissue trauma,

minimal morbidity, rapid rehabilitation, and a sig-
nificant reduction in cost..
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Anesthesia for Vitreoretinal Surgery

W. Sanderson Grizzard

In the last edition of this book | predicted that "reti- of anesthetic injected away from the globe is now
nal surgeons will also be doing more local and out-  the most commonly used approach. Minimalist

patient surgery." This certainly is true. Today, | do  techniques involving topical anesthesia. subcon-
more than 90% of my surgery under local anesthe- juncti val injections, and posterior irrigation have

sia. | have h;.JJone inpatient in 2 ye;.Jrs. Improve- been proposed to diminish the risk of local anes-
ments in general anesthesia and local sedation have thesia. Bupivucaine  (Marcai ne) is now the most
aided in this transition to outpatient  surgery. commonly used agent allowing blocks of much

Patients usually wake up quickly and quietly from longer Juration. New drugs for general anesthesia
modern general anesthesia.  Patients do better at and new monitoring  devices have. likewise,
home following surgery where they sleep in their become available.
own bed and are cared for by their family. Diabetic
patients are usually able to manage their own
insulin and medical problems at home. Patient  Selection

There are two basic approaches: () general
endotrachial ~anesthesia and (2) local infiltration or ~ No one anesthetic  technique is right for every
nerve block anesthesia. The two techniques blur in  patient or every operation. Over the years | have
clinical practice. Patients receiving local anesthesia developed prejudices about which patients will do
are often sedated. and patients receiving general well with local anesthesia or local anesthesia sup-
anesthesia are often given periocular injections of  plemented by intravenous sedation. | have devel-
local anesthetic to decrease the required depth of oped a scoring system to select patients for local
general anesthesia and to aid with post-operative anesthesia  (Table 6-1). Patients with a score of
pain management. - The selection of anesthetic tech- greater than three usually do better with general
nique is difficult for the retinal surgeon, because of  anesthesia or general anesthesia supplemented with

the emergent nature of the surgery and the consul- local injection.

tative nature of a retina practice. Often the patient is Numerous  factors influence the selection of an
referred away from his usual medical care provider anesthetic. ~ Which procedure is being done?. How
and the patient's medical condition is not well cooperative is the patient? How familiar is the sur-
known to the surgeon. geon' with the operating environment and the oper-

Techniques  of local anesthetic injection have ating room personnel? As more experience IS
changed over the last 10 years. The Atkinson tech- acquired, it is possible to raise your threshold score.
nique ("lboking up and in") has fallen into disfa- After a few bad experiences, however, it may be
vor, Peribulbar anesthesia involving larger volumes wise to lower it for a while.
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Table 6-1.. Scoring System to Select Patients for
Local Versus General Anesthesia

Factor
Procedure
Pneumatic

retinopexy
Primary scleral buckling
"Easy" " revision of buckling
Diflicult. revision elf buckling
Simple vitrcctomy
Vitrccroruy — with preretinal - membrane
removal or macular hole. surgery
Vurcctomy for cndophthalrnitis
Vitrectorny for proliferative
vitrcorctinoputhy ~ (PYR) or proliferative
diabetic retinopathy
Patient Factors
Under age 60
Under age 40
Male
Trouble with previous local eye surgery
Could not tolerate retinal examination with
scleral depression
High myopia
Prefers general .mcstheric
Severe cardiac or respiratory disease
Patient just ate
Operating Room Cunditions
Inexperienced crew in operaung
Excellent department
Operating at unfamiliar hospital
Teaching situation
Surgeon ju'sl out of fellowship

room
anesthetic

Vitrectomy and primary scleral buckle proce-
dures can usually be done with local anesthesia.
Vitrectomies  can be done with local anesthesia
more easily than a scleral buckle, Complex vitrec-
romies combined with scleral buckling may need
general anesthesia  or general anesthesia  supple-
mented by periocular anesthetic injection. Endoph-
thalmitis is a special situation because it is difficult
to gel 1 good block if there is orbital inflammation
(see the section in this chapter on pharmacology).
If only a tap with injection of antibiotics is neces-
sary local injection may be adequate. If vitrectorny
is going to be part of the management strategy, |
find that general anesthesia is frequently necessary
and should be available if a local block fails.

The most important "patient factors" are age and
the ability to undergo a good retinal examination in

the office. Young patients who are squeamish dur-
ing scleral depression are best treated under general
anesthesia. Older patients who have previously had
cataract surgery are excellent candidates for local
anesthesia,

The environment of the operating room is also
important in selecting which technique to use. Sur-
geons who are just out of training or who are in a
new hospital may prefer to have the patient asleep.
Operating room personnel who re;;pond, "What's
that?" when asked for every instrument can make
an experienced surgeon wish that the patient were
asleep. It is also much easier to teach when the
patient is asleep!

In summary, patient selection for local anesthe-
sia is an art. We have all found ourselves in a situa-
tion where we wished we had made the other
choice. Table 6-1 and a little experience will, it is
hoped, minimize those situations.

Anatomy

To safely provide regional
surgery, it is necessary

anesthesia  for ocular
to have a thorough knowl-
edge of orbital and periorbital anatomy and to
understand  the anatomic changes that take place
during ocular movement. .

The anterior orbit is occupied by the eye. which
geometrically  is a modified sphere or two merged
spheres, one in front of the other. The emmetropic
diameter ~ of approxi-
of 23 rnrn. In
the eye is larger with a more elongated.
In eyes with more than 4-diopters of
the axial length varies from 26.7 to 31.0
the medial and lateral orbital
to it.
The lateral orbital rim is more posterior than the
medial orbital rim. The equator of the eye is gener-
ally at, or slightly anterior to, the lateral orbital rim.
The eye is closer to the roof of the orbit than to the
floor and the frontal bone overhangs the eye, mak-
ing the inferoternporal approach  the most open
access to the retrobulbar space.

The concept of a well-defined  muscle cone
formed anteriorly by the coronal circumference of
the eye and posteriorly by the rectus muscles with a
well-developed intermuscular ~ septum  has been
shown to be not only a simplification  but inaccu-

eye has an anteroposterior
mately 24 mm and a vertical diameter
myopia,
ovoid shape.
myopia,
mrn. A line joining
margins will have a third of the eye anterior




rate. Anteriorly, there are well-formed connective

tissue septa connccring the ocular muscles; posteri-
otly. however, the intermuscular  septum becomes
less well defined and more complex connective tis-
sue septa appear.. Two poorly septated areas in the
orbit. . one lateral to the optic nerve and the other
above the superior ophthalmic  vein hammock,

account for the high success rate of both retrobul-
bar and peribulbar anesthesia. The lateral rectus and
inferior rectus muscles are in close proximity to the
orbital wall.. A large extraconal space does not exist
either temporally or inferiorly.

The optic nerve, the cranial motor and sensory
nerves. and the arterial circulation to the eye enter
the orbit posteriorly. Although a well-defined annu-
lus of Zinn or common tendinous ring does not
exist.., it is convenient to think of three posterior
openings: (1) the superior orbital fissure superior to
the tendinous insertions, (2) the superior orbital fis-
sure inferior to the tendinous insertion, and (3) the
optic foramen.

Through the optic foramen and the optic canal
that lie within the lesser wing of the sphenoid bone
(S8) pass the optic nerve (ON) and the ophthalmic
artery (OA) (Figure 6-1). After the optic nerve
enters the orbit through the optic canal, it courses
anteriorly for about 30 mm before entering the eye.
The distance from the optic foramen to the temporal
orbital rim has been evaluated and found to be
extremely  variable. Although the mean is 50-51
mm. the range extends from 45-58 mm.

Accompanying the optic nerve is the main vascu-
lar supply to the orbit and eye, the ophthalmic artery.
This artery is the first intracranial branch of the
carotid artery. sharing the dural sheath with the optic
nerve while. in the optic canal.. On exiting the canal, it
courses laterally giving off the central retinal artery
and then crosses superiorly over the optic nerve giv-
ing off its brancr}es, the lactimal artery, the posterior
ethmoidal artery, the long and short posterior ciliary
arteries, and the branches that course anteriorly.

The sensory nerves to the eye, orbit, and lids are
branches of the trigeminal nerve. The lacrimal
nerve (LN), the frontal nerve (fN), and the nasocil-
iary nerve (NCN) are branches of the ophthalmic

division and enter the orbit through the superior
orbital fissure (superior to the tendinous insertions),
as shown in Figure 6-1. The tendinous ring is not
well formed, particularly  temporally, where the

motor and sensory nerves enter the orbit..
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Figure 6-1. 58.
trochlear nerve;
OA, ophthalmic
abducens nerve: OrviN. oculomotor nerve; SOY, superior
ophthalmic vein: JOV. inferior ophthalmic vein; Inn.
lateral rectus muscle: inn, inferior rectus muscle; mrrn,
medial rectus muscle.

sphenoid bone; ON, optic nave: TN,
FN. frontal nerve; LN, lacrimal nerve:
artery: NCN. nasociliary nerve: AN e

The frontal nerve and lackimal nerve are the most
superior structures in the orbit and are just below the
periorbita. The frontal nerve courses anteriorly and
medially, branching into the supratrochlear  (STN)
and the supraorbital nerve (SON), as shown in fig-
ure 6-2. The supratrochlear nerve courses anteriorby,
exiting the orbit just above the trochlea of the supe-
rior oblique muscle; it supplies the skin and con-
junctiva of the medial part of the upper lid and a
small pan of the skin of the upper forehead and nose
(Figure 6-3). The supraorbital nerve courses above
the levator muscle anteriorly, exiting the orbit
through the supraorbital  notch. The supraorbital
nerve supplies the forehead and scalp and the skin
and conjunctiva of the middle upper eyelid. The LN
courses laterally, superior to the lateral rectus muscle
on its way to the lacrimal gland. It innervates the
lacimal gland and the conjunctiva and skin of the
temporal pan of the upper and lower lids.
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Figure 6-2. LN, lacrimal nerve; ZN, zygomatic nerve; ZFN. zygomatic facial nerve; ION, infraorbital
nerve; NCN, nasociliary nerve; EN, ethmoidal
irmn, inferior rectus muscle; iom, inferior oblique muscle; Irrn, lateral

orbital nerve; STN, supratrochlear
superior oblique muscle; mrrn, medial rectus muscle;
reclus muscle; Irn, levator muscle-

The NCN enters the orbit with the other branches
of the ophthalmic division (Figure 6-1). It then enters
the muscle cone and runs abeve the optic nerve, giv-
ing off a branch to the ciliary ganglion and the two
long, posterior ciliary nerves (Figure 6-2). It then
courses nasally to the medial orbital wall, giving off
the ethmoidal nerves (EN) and becoming the
infratrochlear nerve (ITN). The ciliary ganglion lies
well back in the orbit, lateral to the optic nerve, and
receives the preganglionic,  parasympathetic ~ fibers
from the inferior branch of the oculomotor nerve.
The short ciliary nerves are given off by the ciliary
ganglion and enter the globe posteriorly around the
optic nerve. The afferent sensory supply from the
globe courses through the short. and long ciliary
nerves, as do the sympathetic and parasympathetic

nerve; SON, supra-
nerve; srrn, superior rectus muscle; sorn,

innervation to the
nasociliary nerve, therefore,

tion from parasympathetic

to the pupil.. Good anesthesia
results in pupillary dila-
blockage.

The maxillary division of the trigeminal

nerve
fossa through the foramen
rotundum and transverses the pterygopalatine fossa,
where it gives off the posterior superior alveolar
nerve to the posterior superior teeth. Il then gives off
the zygomatic nerve (ZN) and becomes the inftaor-

exits the middle cranial

. bital nerve (ION) as it enters the orbit through the

infraorbital fissure and travels through the maxillary
bene in the infraorbital. canal to exit the skull through
the infraorbital foramen. The ZN travels along the
infraorbital ~ fissure and gives off two branches, the
zygomaticofacial ~ (ZFN) and the zygomaticotempo-

ral (ZTN) nerves, which supply afferent sensory
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SON
STN
ZTN
LN ITN
e
10N /
ZFN

Figure 6-3. SON. supraorbital

nerves to the lateral aspect of the upper and lower lid
and conjunctiva. There are also deep pain fibers in
the inferoternporal  aspect of the orbit supplied by
these nerves, which must be blocked for scleral
buckling procedures (see Figure 6-2).

Inferiorly and nasally in the superior orbital fis-
sure. the upper and lower divisions of the oculomo-
tor nerve (OMN) (motor nerves to the levator,
superior rectus [srrn], medial rectus [rnrm], inferior
rectus [irm], and inferior oblique, and the abducens
nerve (AN)-motor nerve to the lateral rectus
[Inh)) enter the orbit from the middle cranial fossa
(see Figure 6-1). The trochlear nerve enters superi-
okly in the superior orbital fissure (see Figure 6-1).

During changes in gaze. the structures within the
orbit undergo rapid changes. The eye, if it is spher-
ical, rotates around a central point but does not have
signi ficant lateral or vertical motion. The rectus
muscles are fixed posteriorly by their tendinous ori-
gins and anteriorly by their functional insertion in
the coronal, equatorial plane of the eye. The con-
cept of "presenting the cone" by having the patient

nerve; ZTN. zygomatic temporal
zygornatic facial nerve; STN. supratrochlear nerve; ITN. infratrochlear

nerve; LN. lacrimal nerve; ION. infraorbital nerve: ZFN.

nerve.

look away from the needle is a geometric impossi-
bility. The position of the cone does not move.
What does move are the structures within the cone.
A 30-mm intraorbital  portion of the optic nerve is
needed to accommodate eye movement. . The other
intraconal  structures also must move because they
are held in place relati ve to the optic nerve by a
three dimensional  net of connective tissue.

The Atkinson position for retrobulbar injection

(i.e., "up and in") causes the optic nerve to be
brought inferotemporally and held in a position
directly in the path of the needle (Figure 6-4A).
Likewise, if the eye is not spherical but ovoid, as
occurs in myopia. the posterior pole of the eye
moves inferiorly toward the oncoming needle. It is

much safer to maintain the eye in the primary gaze
position and direct the needle to a point behind the
macula (Figure 6-4B). If one is injecting superiorly.
it is unwise to have the patient look down for the
same reason. The ciliary ganglion and the nasocil-
iary nerve sit superiarly near the optic nerve and
move with it. This accounts for the higher success
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Figure 6-4. A, Atkinson position for the retrobulbar injec-
tion (""upand in") endangers the optic nerve. B, Maintain-
ing the eye in primary gaze position is safer.

rate when using the Atkinson technique, but the
optic nerve position accounts for the attendant: high
incidence of optic nerve complications,

It is important to remember that the brain stem
sits just behind the orbit and is separated from it by
the sphenoid bone and dura. The optic canal and the
supraorbital ~ foramen allow passage of arteries,
veins, and nerves from the middle cranial fossa to
the orbit., The barrier between the brain and the
orbit is not impermeable.  If the anesthetic passes
through the dura of the optic nerve such that all
vision (no light perception) is lost, the anesthetic
also will pass through the dura into the brain stem.

Needle_ perforation
sary for central

of the optic nerve is not ncccs-
nervous system effects.

Pharmacology

Local anesthetics are drugs that interrupt nerve con-
duction by interfering with the propagation of the
nerve action potential. . Nerves at rest are polarized
with sodium ions in excess outside the membrane.
As the membrane is stimulated there is an influx of
sodium into the cell and an outflow of potassium.
The shift in ions causes formation of an action
potential of 50-90 mY that is propagated along the
neuron.

Local anesthetics interfere with this excitation
process by displacing calcium ions from their bind-
ing sites, so that changes in membrane permeability
do not occur and the membrane is not depolarized.
Thus, the threshold potential cannot then be reached
and there is no propagation of the impulse.

Local anesthetics are grouped into two categories
by chemical structure: the esters and the arnincs. The
esters (such as procaine) were commonly  used
before 1940 but have been largely replaced by the
amines (such as lidocaine), Amine salts arc more
stable and water soluble than the bases. so the local
angsthetics we use come in solution as salts. To be
active they must revert to their uncharged form-e-the
base. The percentage of the base form is determined
by the pH of the tissue and the pKa of the salt. In
inflamed tissue, the pH is lower so that there is less
bioactive  form available in the tissue. Repealed
injection into the tissue to augment the block further
lowers the pH, making matters worse. In severely
inflamed tissue, such as occurs in endophthalmitis, it
is best to be prepared to convert to general anesthe-
sia. Etidocaine (Duranest) may be the best drug for
this situation since its pKa is 7.7 and 33% of it is in
the active form at pH 7.4.

Table 6-2 briefly reviews  concentrations,
dosages, and duration of action of commonly used
ophthalmic  drugs. Lidocaine (Xylocaine), the most
commonly used local anesthetic, has a duration of
action that is marginally adequate for retinal proce-
dures. Bupivacaine  (Marcuine) has become the
standard because of its longer duration of action.
Because it has a slower onset of effective molar and
sensory block, many surgeons mix it with lidocaine
to get a more rapid onset of action. Eiidocainc is
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Table- 6-2. Commonly Used Ophthalmic Anesthetics P
Maximum Maximum Duration
Drug Concentration (%) Dose (rng) Volume  (rnl) of Block (min)
Lidocaine 1 300 30 90
(Xylocaine) 2 300 15
200 5
Bupivacaine 05 150 30 150
(Marcaine) 0.75 30 4"
Etidocaine lor 1.5 60 4" 150
(Duranest)
" Denotes xpcciric retrobulbar  dosage recommendation by drug manufacturers;  others are for peripheral nerve block.

less popular because of its prolonged motor block
and increased cost. but it may offer some advan-
tages. such as decreasing postoperative eye move-
ment and being more effective low pH
environments.

Bupivacaine h;\s been implicated as causing re-
spiratory arrest when used for retrobulbar injec-
tions. In my opinion. it is no more dangerous at the
doxagex used in ophthalmology  than are other anes-
thetics. The cjiscs of cardiac arrest caused by bupi-
vucainc during epidural anesthesia involved much
larger volumes of anesthetic. which may have a
direct cardiac effect.

Epinephrine can be added to local anesthetics to
prolong their action by 50-400%. This is necessary
when performing seleral buckling with lidocaine.
but is not generally. necessary when using bupi-
vaca ine and etidocaine. | prefer not to usc it be-
cause of potent ial systemic and local reactions.
Hyaluronidase (Wydase) is also frequently added to
retrobulbar injections to promote a more rapid dif-
fusion of anesthetic. This practice has fallen into
disuse in all other branches of surgery and | have
discontinued  using it without any noticeable effect..
| know of one patient who had a severe allergic
reaction to Hyaluronidase and lost the eye.

in

Needles

| use a sharp. 27-gauge, 1'/4-inch (32-mm) dispos-
able needle. There is controversy concerning which
needle is best., | believe that blunt needles cause
much greater pain and are not safer than sharp nee-
dles. Sharpness is determined by many factors; the
angle of the tip, the angle of the bevel face, the

number of facets on the bevel edge. and the thick-
ness of the shaft (Figure 6-5).

Long needles. both the Il/~inch (37-0101) nee-
dle. and particularly the l-inch (50-mm) needle. give
better blocks because they reach into the apex of the
orbit. where the nerves and vesse Is' are crowded
together.  This same advantage becomes a disadvan-
tage because damage to the apical structures. orbital
hemorrhage. and inadvertent injection into the optic
nerve and brain stem arc marc likely with longer
needles.

Many complications of retrobulbar injection
have been attributed to the usc of a sharp needle. In
my opinion. most of these complications  were due

Tip

Bevel edge

Bevel face
e

Shaft. surface

Figure 6-5. Components of a needle.
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to inappropriate  technique (the Atkinson position of
gaze) or long needles. Ocular penetration, optic
nerve penetration, retrobulbar hemorrhage, and cen-
tral nervous system effects have all occurred fol-
lowing the use of a blunt needle.

The theoretical advantage of a blunt needle is
that it requires more force to penetrate a tissue;
therefore, it will be easier to detect the resistance of
sclera or optic nerve dura. The other supposed
advantage is that the optic nerve and sclera will
slide away from the oncoming blunt needle. Unfor-
tunately, this increased resistance caused by the
blunt needle. is more difficult. to detect because of
the greater preload caused by the blunt needle
(Weber-Fechner  law). The fibrous framework of the
orbit that attaches to the eye and optic nerve does
not allow them 10 move out of the way, as has been
proposed. The true situation in the orbit is analo-
gous to a full pickle jar, not a nearly empty one.

The main advantage of a sharp needle is that
heavy premedication is not necessary in most
patients. This is important if there is no anesthesiol-
ogist available. ] also believe that if one uses a
sharp needle one will be more careful when placing
the needle and doing the block. The most danger-
ous situation is a nonophthalrnologist  with a long,
blunt needle who thinks ocular penetration and
optic nerve damage are impossible.

Premedication and Monitoring

| prefer that my patients not receive heavy premed-

ication before the anesthetic injection. | particularly
do not like 10 have the patients put to sleep with
short-acting  barbiturates or propofol (Diprivan) so
that 1can give them a local injection. A knowledge-

able, competent, and reassuring staff is the best pre-
operative  sedation.  If the patient is particularly

anxious, mild preoperative medication may be help-
ful.. With patients experiencing  severe anxiety, it
may be better to consider general anesthesia. Intra-
venous midazolam (Versed) or propofol (Diprivan)
can be given for sedation if necessary but the
patient must be carefully monitored. Its usc has
been associated with respiratory depression and car-
. diac arrest.. | always consider it wise to have trained
anesthesia  personnel monitor the patient during
surgery because of the potential for cardiac and res-
piratory arrest..

Monitoring  devices available should include a
blood pressure cuff, a cardiac monitor, and a device
for measuring oxygen saturation (pulse oximeter).
The pulse oximeter is ideal for detecting respiratory
insufficiency  before it results in cardiac arrhythmia
or arrest. . Unfortunately, in awake patients it can
sometimes be difficult to keep it functioning prop-
erly. 1 do believe that the patient should be observed
closely following a retrobulbar —injection. Electronic
monitoring  is not necessarily indicated, but the
patient should not be left unattended.

Technique

Several different. anesthetic “cocktails"
rent use and come and go in popularity.
use as simple a mixture as possible.
reflects my recent experience.
vacaine or bupivacaine mixed with lidocaine. The
motor block may be delayed with bupivacaine
alone, but the sensory block is usually adequate for
retinal surgery. The postoperative  analgesia from
bupivacaine is very helpful, , particularly for outpa-
tient surgery. The drugs are inexpensive.
Start the block by raising a skin weal
small amount of the anesthetic
follow by doing a retrobulbar injection using 4-5
ml of the anesthetic with the eye in primary gaze.
A sharp 11/4-inch (32-mm), 27-gauge needle is
introduced  through the skin weal immediately
above the inferior orbital rim between the temporal
limbus and the lateral canthus with the intention of
avoiding the recti muscles (Figure 6-6, point A).
Some surgeons at this point place a finger between
the globe and the inferotemporal rim of the orbit [0
"push" the globe out of harms way. When the nee-
dle is advanced beyond the equator of the globe, it
is directed toward an imaginary point behind the
macula.. (see Figure 6-6, point A). Remember to
inject very slowly (o avoid discomfort 1o the patient
and 10 prevent a sudden intravascular bolus if the
needle happens 10 be within a vess-el. Aspiration
before injection to rule out intravascular placement
of the needle is an added safety precaution. Next,
partially withdraw the needle and inject an addi-
tional 2 ml with the needle 1-2 cm below the skin
direcied straight posteriorly.  This is particularly
important when doing a scleral. buckle, hut unnec-
essary for other procedures. Next, 1 instill topical

are in cur-
J prefer 10
Table 6-3
J generally use bupi-

with a
mixture and then




Table 6-3. Author's Personal

Experience with Certain Anesthetics
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for Use in Retinal Surgery

Anesthetic Advantages Disadvantages
Lidocaine 2% Familiar drug Short duration of action
(Xylocaine) Prompt analgesia and motor block Needs epinephrine for retinal surgery
Established safety
Bupivacaine  0.75'70 Adequate speed of onset for anesthesia More than .\ml exceeds dose recom-
(Marcaine) Long duration of action mended by manufacturer

Goqd postoperative

Bupivacaine 0.5%
. (Marcaine)

anal gesia

Long duration of action
Good postoperative  analgesia

Motor block delayed
Reports of respiratory arrest
Onset of anesthesia delayed
Poor" motor block

Possibly safer than 0.75% bupivacaine

Bupivacaine 0.75% mixed with. 2%
lidocaine or 4% lidocaine

Prompt analgesia and motor block
Goad postoperative analgesias

Practice not recommended by manufa-
turer

High incidence of brain stem anesthesia
in one report (Wittpcnn. et ul.; (936)

anesthetic into the conjunctival sac and then place
digual pressure on the eye. Next. | remove the 1%
inch needle from the syringe and using a si-inch
needle place the needle- through the caruncle
directed superiorly at a 45-degree angle, away from
the globe (Figure 6-6. point B). For this part of the
injection a right-handed  surgeon should stand to the
right of the supine patient for both the right and left
eye. Left-handed surgeons should stand to the left
for both eyes. Penetrate to the hub of the needle and
inject 3 rnl slowly. You can see the anesthetic
spread along the upper lid. This approach avoids the
vascular superior orbit and also avoids injecting
supero-ternporally where the superior orbital rim
overhangs the eye and makes safe injection diffi-
cult.. This approach blocks the frontal and supra-
trochlear nerves.

| then place a Honan balloon to soften the eye
andI spread the anesthetic. If a soft eye is not criti-
cal, a few minutes of ocular massage spreads the
anesthetic. No lid block is necessary; this can be the
most painful part of the procedure.

After the eye is draped, a lid speculum is
inserted. | then inject a small amount of 0.5% bupi-
vacaine (Marcaine), with or without epinephrine,
under the conjunctiva.  This helps with dissection
and gives good anesthesia to the conjunctiva ini-
tially and more importantly at the end of the surgery
when often the patient feels pain during elosure. If
there is pain with the posterior dissection, local

infiltration in that quadrant with 0.5% bupivacaine
(Marcaine)  often solves the problem. The blunt.
curved irrigation cannula.w can be used to irrigate
anesthetic  solution behind the eye (in each of the
quadrants).  If the discomfort comes from manipu-
lating the muscles, a posterior injection may be nec-

essary. Be careful doing these injections because the

muscle cone narrows abruptly  posterior to the
globe.

Complications

The advantage of using local anesthesia for ocular
surgery and. in particular, retinal surgery is that
patients have so few serious complications. As with
any other surgical intervention,  however, certain

problems do arise.

Respiratory arrest and death have been reported
following  retrobulbar  injection and have been
attributed to an allergic or idiosyncratic  reaction to
the drug, systemic toxicity from intravascular injec-
tion, or a brain stem injection through the optic
nerve and optic foramen. Many of these cases have
been the result of retinal surgery. The most probable
mechanism is the latter, which can be avoided by
using proper technique and shorter needles.

Retinal vascular problems and unexplained optic
atrophy  following  retinal surgery generally are
blamed on the surgery itself and not the anesthetic.
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Medial view of needie
path for insartion

paint B

Lateral view of needle
path for insertion

S e

Superior view of needle path
for insertion point B

Fi\:urc 6-6. Retrobulbar injection. Start the block by raising a skin weal with a small amount of the anesthetic mixture

and then follow with the retrobulbar injection using 4-5 ml of the anesthetic with the eye in primary gaze. A sharp” \'.-
inch (32-mm). 27-gauge needle_is introduced through the skin weal immediately above the inferior orbital-im  between the
temporal limbus and the lateral canthus (point A). When the needle is advanced beyond the equator of th~ globe. it is
directed toward an imaginary point behind the macula. Next, partially withdraw the needle and inject an additional 2 rnl
with the needle 1-2 cm below the skin directed straight posteriorly. This is particularly important whcn doing a seleral
buckle but unnecessary for other procedures, Next I instill topical anesthetic into the conjunctival sac and then place digi-
tal pressure on the eye. | then remove the I'l.-inch needle from the syringe and using a St.-inCh needle place 'the needle

2 through the caruncle directed superiorly at a 45-degree angle superiorly, away from the globe- (point B). Penetrate 10 the
hub of the needle and inject 3 ml slowly. You can see the anesthetic spread along the upper lid. This approach avoids the
vascular superior orbit and also avoids injecting superiorly where the superior orbital rim overhangs the eye and makes
safe injection difficult.




When these problems Occur following pterygium
removal or radial keratotomy, however, it is difficult
to ignore: the: possible contribution of the retrobulbar
injection. Avoiding optic nerve penetration is easy if
one remembers to have the patient maintain primary
gaze and if one uses a short needle. If retinal vascular
occlusion occurs. evaluation of the optic nerve by
computed tomography is necessary to rule out intra-
nerve-sheath  hemorrhage.  If an intranerve-shearh
hemorrhage or a dilated nerve is found. decompres-
sion of the optic nerve may be beneficial. |

Ocular penetration  has also been reported fol-
lowing retrobulbar and peri bulbar injections. It is
more likely to occur in myopic eyes because they
are larger. have thinner sclera. and are ovoid. The
ovoid eye causes problems because, in the tradi-
tional Atkinson position, the posterior pole. of the
eye is brought into the path of the oncoming nee-
dle. Therefore.  In highly myopic and large eyes,
consideration should be given to using general
anesthesia.  Blunt needles have been recommended
in this sctring: however. , the thin sclera further lim-
its the surgeon's . ability to feel ocular penetration.

Intraocular injection of lidocaine has occurred and
ix not itself toxic to the retina. Intracameral xylocaine
is now frequently wused in cataract surgery. In one
cuxc of inadvertent intraocular injection. there was
initial loss of light perception with full visual recov-
ery within 16 hours. If this happens. the eye should
be softened and observed for retinal vascular prob-
lems. If an ocular perforation (entry and exit wound)
occurs. the planned retinal surgery should be carried
out te fix the retinal detachment and to treat the
newly made retinal holes. If vitreous hemorrhage
prevents adequate visualization. or if there are pos-
terior breaks, vitrectorny may be necessary.

Retrobulbar ~ hemorrhage  is the most common
problem following retrobulbar injection. If one uses
shorter needles and primary gaze, the incidence of
this problem i~ low because the highly vascular
orbital apex is avoided.

General Anesthesia

The safety of anesthesia and our ability to monitor
patients have improved greatly. Undue fear of anes-
thetic risk is no longer appropriate when one works
with a well-truincd - anesthesiologist. ~ In addition to
the usc of stethoscopcs. cardiac monitors, and blood
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to measure expiratory

core body tem-
can be rou_-
the risk of

instruments
oxygen saturation.
pulse pressures
to minimize

pressure cuffs.
carbon dioxide.
perature. and arterial
tinely used. This helps
anesthetic  accidents.
There still remains the risk of allergic and idio-

syncratic  reactions  to anesthetic  agents and the
problem of medically unstable patients.. Patients
who have recently experienced myocardial infarc-

problem when faced with the
need for a general anesthetic. These patients should
be managed with local anesthesia. Close consulta-
tion with the patient, the patient's physician.; and the
anesthesiologist s critical in this setting. Sometimes
even urgent. sight-saving surgery should be delayed
or canceled.

Another special problem that retinal surgeons
face with the use of general anesthesia is the effect
that inspired anesthetic gas mixtures have on the
volume of gas bubbles and the intraocular pressure:
of the eye. The problem exists in three parts:

tion present a special

I. What happens dur ing anesthetic induction to
eyes that already have a gas bubble in them:

2. What is the effect on a gas bubble. placed during
surgery?

3. What happens to the gas bubble. in the eye after
the anesthetic gases are discontinued?

A basic knowledge of the physics of gases is nec-
essary to understand what happens and how to deal
with it,

Gases in body cavities try to establish equilib-
rium with the gases in solution in the blood, so that
the same gas mixture exists in the body cavity as in
the: blood. This is the "second gas effect." Gas
moves in both directions to establish this equilib-
rium. The speed with which this occurs depends on
the molecular weight, the diffusion coefficient, and
the water solubility of the gases involved. Oxygen,
nitrous oxide, and carbon dioxide are soluble and
move readily to establish equilibrium  with a gas
cavity. Nitrogen, sulfur hexafluoride, = and perfluo-
ropropane are insoluble.. Therefore, they remain in
the eye for prolonged periods and diffuse only
slowly into solution to help reestablish equilibrium.

In a patient's eye, an insoluble gas bubble reaches
equilibrium  with the gases in the blood. When the
patient is anesthetized with a mixture of 50%. oxy-
gen and 50% nitrous oxide, both of which are highly
soluble- gases, rapid expansion of the bubble occurs
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with oxygen and nitrous oxide diffusing into the cav-
ity. The effect may also occur, but to a lesser extent,

with 100% oxygen. Careful attention should be paid
to the effect on intraocular pressure of anesthetic

induction and the surgeon should be prepared to
decompress  the eye rapidly through the limbus or
pars plana with a 30-gauge needle.

Once the patient is intubated and breathing a gas
mixture of oxygen and nitrous oxide, attention must
be paid to the gffect of these mixtures on gas bub-
bles injected dﬁring surgery. If an air pump is used,
the intraocular pressure is controlled by the pump.
If air is moving through the eye, the mixture in the
eye remains that of air. Once the eye is elosed and
movement of air ceases, oxygen and nitrous oxide
start to diffuse into the eye. If equilibrium is estab-
lished in the anesthetized state, the bubble will
shrink when the patient awakens because the
nitrous oxide and some of the oxygen will diffuse
out of the eye. If the air is injected with a elosed
system, the bubble volume will expand rapidly
while the patient breathes nitrous oxide and will
become smaller when the patient breathes room air.
The way to avoid these changes and their somewhat
unpredictable
mixture as close to air as is practical. . If the patient
is breathing nitrous oxide, it takes about 10 minutes

to wash the nitrous oxide out of the system. Try to
have the patient weaned from nitrous oxide for 10

minutes before closing the system.

Combined Technique

The idea of giving both local and general anesthetic

might sound bizarre at first.. After using the com-

bined technique for many vyears, | enthusiastically

support its use. Patients who are quite ill canl tolerate

anesthesia
In this situation

the minimal
intubation.

necessary for maintaining
| do a subconjunctival

injection as mentioned above and then follow with
irrigation of 0.5% bupivacaine (Marcaine),
| do

posterior
In all patients undergoing general
posterior  irrigation  of bupivacaine
because of the excellent postoperative

anesthesia,
(Marcaine)
analgesia.

3

Minimal Anesthesia

Retinal surgery, particularly

effect is to have the patient breathe a

limited vitrectomies,
can be done with a technique of topical drops fol-

lowed by subconjunctival injection and posterior

irrigation.  Once the conjunctiva is opened, poste-
rior irrigation using a blunt canulas is carried out. |
find this technique most useful for cooperative

patients and limited surgery.

Summary

Any retinal procedures can be done with local
anesthesia, but as the surgery becomes more com-
plex, the advantages of general anesthesia out-

weigh the risks. The traditional Atkinson position
of gaze and use of long (greater than 1'% inch)
needles should be abandoned. Sharp needles and
slow injection make a retrobulbar injection tolera-
ble for even the most pain-sensitive  patients. A
combined anesthetic of retrobulbar injection and
general anesthesia  is an excellent approach for
dealing with sick patients who require long. com-
plex retinal procedures.
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Scleral Buckling

Surgery

(Cryopexy and Explants)

Andrew J. Packer

retinal detachments are caused
usually resulting from vitreo-
retinal traction. The main goals of retinal reattach-
ment ~urgery are to relieve the vitreore tinal
traction and to close the retinal breaks (so that
fluid from the vitreous cavity cannot gain access
to the sub-retinal space). Once the retinal breaks
arc closed. remaining  subretinal  flu id will be
removed by the retinal pigment epithelial "“pump."
In some instances of retinal detachment. vitreo-
retinal traction is minimal and retinal breaks can
be treated with pneumatic retinopexy (see Chap-
ter 5). At other times, severe vitreoretinal traction
necessitates  vitrectorny surgery (see Chapter 8).

Rhegrnarogenous
by retinal breaks..

Scleral buckling surgery accomplishes the goal
of reattachment by indenting  the underlying
sclera. choroid. and retinal pigment epithelium

with buckling elements (i.e., solid silicone tires or
silicone sponges) to relieve mechanically the vir-
reoretinal  traction and approximate the edges of
the retinal break to the underlying retinal pigment
epjlthe liurn. Buckling  elements  sutured to the
external surfage of the sclera are called explants,
exoplants, or episcleral implants. If the sclera is
dissected,  the imbedded buckling material s
called a scleral implant. The choroid and retinal
pigment epithelium (RPE) in the vicinity of all of
the retinal breaks is treated with a thermal irritant
(i.e., cryopex vy, diathermy, or laser photocoagula-

tion) to form a permanent chorioretinal  adhesion
(i.e., a permanent seal) surrounding  the retinal
break. Frequently, it is necessary to drain subreti-

nal fluid in order to close the retinal breaks. In
this chapter, the surgical technique discussed is
limited to explants and cryopexy. In general, , this

combination  decreases operating time, minimizes
complications, and allows easier intraoperative
readjustment  of the buckle, if necessary.

As mentioned in Chapter 2, a crucial part of
the procedure is identifying ali of the retinal
breakss since there art: frequently —more than one.
The large. detailed fundus drawing should always
be available in the operating room. Fundus land-
marks in the drawing (such as vortex veins, reti-
nal vessels,s and regions of lattice degeneration)
can help the surgeon to locate retinal breaks if
intraoperative  rncdia problems prevent adequate
visual ization.

Preoperative  Management
Once the decision

ling surgery,
performed

is made to perform scleral buck-
it is important that selected cases be
in a timely manner. , "Macula-on"  and
recent "macula-off' (i.e., up to 5 days) retinal
detachments ~ should be operated upon as soon as
possible, preferably  within 48 hours. Since outer
segments of the retina depend upon blood supply
from the choriocapillaris. prompt reattachment  of
the macula (or prevention of a macular detach-
ment) maximizes the chance of preserving good
vision. Chronic "macula-off' retinal detachments

can be scheduled electively.  Eyes with retinal

S5
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detachments  must be kept dilated (with atropine
1.0% or scopolamine  0.25%) between the time of
diagnosis and the time of the operative procedure;
failure to do so may result in iritis, miosis, and
posterior synechiae, which may require additional
surgery to visualize the fundus and reattach the
retina.

The choice of general
considered in detail
(and pat icnt ) prefer
problems must be identified
medical consultation
hemoglobinopathies,

or local
in Chapter 6.
general

anesthesia  is
If the surgeon
anesthesia,  medical
immediately  so that
may be sought. . Patients with
particularly:  the sickle cell
varieties, are at great risk for the development:- of
anterior segment necrosis and this must be taken
into account when surgical options are considered.
The fundus dra"¥ings should ideally be performed.
or at least rechecked. within  24-48  hours of
surgery, since certain parameters (such as amounts
of subretinal fluid or vitreous hemorrhage)  may
change over time.

Patients with "macula-on"  retinal detachments
threatening  the macula are kept at bed rest until
the surgery can be performed. Reading should be
discouraged  since saccadic eye movements  can
lead o further ac.:cumulation of subretinal  fluid.
Watc.:hing a distant television  is not a problem
since this requires little. if any. angular eye move-
ments. Pinhole glasses also can limit extraocular=
movements.  The patient's head should be posi-
tioned so that subretinal fluid remains away from
the macula.

If elevated intraocular
during surgery (i.e., large buckle required, little
subretinal ~ fluid to drain), patients may be treated
with pressure lowering drops (i.e., beta blockers.
or carbonic anhydrase  inhibitors) or systemic
acetazolamide  preoperatively.  Intravenous — manni-
101 (1 g/kg) can also be used preoperatively or
intr;|Operatively. Immediately prior to surgery
(30--45 minutes). three sets of cyclopentolates 1.0%
and phenylephrine  2.5% drops are adminislered at
approximately ~ 10-minute intervals. Topical antibi-
otic drops are also given. Since phenylephrine
10% is more likely to cause marked elevations in
systemic  blood pressure,
-is reserved
patient
course
fixated

pressure is anticipated

its use, when necessary.
for the operating room, where better
monitoring is available. ~ Care must of
be taken when dilating eyes with iris-

intraocular  lenses.

Surgical Techniques

Opening

When positioning the patient's head (preferably on a
donut-shaped pillow or arolled towel). the chin should
be elevated slightly, so that the brow and the lower
orbital rim form a horizontal plane. The lid of the
opposite eye is closed with tape if general anesthesia is
used. If examination, cryopexy, or indirect laser pho-
tocoagulation is scheduled on the contralateral eye.
dilating drops should be instilled in that eye to avoid
delays ut the conclusion of the scleral buckling surgery.
The lids. brow, and upper check are scrubbed with a
10<7<ovidone-iodine  (Bctadinc) solution. Cotton-
tipped applicalOrs are used to cleanse the lashes. A
drop of 5''c povidone-iadihe is placed in the conjuncti-
val sac. The eye and lids are then rinsed with sterile
water and the periorbital area is dried with a sterile
towel. Alcohol can then be used to swab the lids.

A plastic adhesive drape with iodophor
"sticky" * side can be used as a further
against infection. A horizontal
the drape within the palpebral
estrated drape is used. The conjunctiva (ineluding
the fornices) is then vigorously rinsed with a phys-
iologic saline solution. Adequate exposure s usu-
ally provided with a lid speculum although on rare
occasions. a lateral canthotorny is needed.

A 360-degree lirnbal peritomy is usually per-
formed (unless asegmented buckle is anticipated). A
radial cut is first ;nade temporally by grasping a con-
junctival fold near the limbus and cutting down on it
adjacent to the limbus (Figure 7-1A). The conjunc-
tiva (together with Tenon's capsule) is then under-
mined. using blunt Wescott scissors. and the incision
made close to the limbus (Figure 7-1B). A more pos-
terior peritomy can be performed
quadrants if needed (for example. if a functioning
filtration bleb is present). The conjunctiva  must
always be handled carefully. to prevent buttonholing.
especially when it is thin and atrophic; (as in elderly
patients). At this point it isa good ideato check pupil-
lary dilatation and add more topical drops if needed.

Tenon's space in the four quadrants is then care-
fully opened. with blunt dissection (using blunt,
curved scissors, sec Figure 7-2). attempting to avoid
damage to the vortex veins. A cotton-tipped  appli-
cator is then used to strip the intermusculars= fascia
from the extraocular muscles. The four recti mus-

on the
precaution
incision is made in
fissure unless a fen-

in one or more




Figure 7-1. A. B, Lirnbal pekitomy is pesformed.

Figure 7-2. Bluru, curved scissors are used to open
Tenon's space in th~ four quadrants.

I

cles are looped and traction sutures of 3-0 silk
passed beneath their tendons with fenestrated mus-
cle hooks (Figure 7-3). It is important to isolate the
entire muscle tendon during this step and not “split"
the muscle. The obliqgue muscles are purposely

avoided (superiorly. the muscle. hook should be
passed from the superoternporal to the superonasal

quadrant, to avoid the superior oblique). Knots are
tied close to the muscle and at approximately 4
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figure 7-3. Recti muscles arc looped with traction
sutures.
inches away: this helps to prevent tangling with
buckle sutures later in the operation.

Muscle removal is virtually never required in
scleral buckling surgery. If necessary, a double arm

suture of 5-0 Vicryl with a spatula needle is passed
through the ends of the musele tendon eclose to the
muscle insertion before the muscle~ is removed.

Both needles are left on the long sutures for later
reattachment.. to the sclera.
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The scleral surface is then examined. This is best
accomplished by grasping two adjacent traction
sutures and pushing Tenon's capsule and conjunc-
tive aside with a small retractor (Figure 7-4). This
examination  should document the occurrence  of
anomalous vortex veins, as well as regions of stle-
ral thinning (scleral dehiscence) and staphyloma.

The surgeon must avoid damaging the cornea
during the entire procedure, to optimize visualiza-
tion of the fundus. The cornea is periodically —moist-
ened with physiologic  saline solution or a 1-2%
methylcellulose  solution. The cornea may also be
protected with a moistened Week sponge. If the
cornea becomes cloudy during the procedure, the
epithelium can readily be removed with a No. 69 or
No. 64 Beaver blade. or a No. 15 Bard-Parker blade
by dragging the blade from the periphery toward

the visual axis (Figure 7-5). It is important to avoid
damaging Bowman's membrane during this maneu-
ver. A rim of intact corneal epithelium (at least 1-2
mrn) should be left in the periphery, if possible.

Locotizint; Retinal Breaks

Indirect ophthalmoscopy is used to locate the retinal
breaks. usually with a 20-diopter lens. As previ-
ously mentioned. it is helpful to have the large fun-
dus drawing available in the operating room at this
time. A 28- or 30-diopter lens can be used if the
pupil is small. The surgeon then performs seleral
depression with a moistened, colton-tipped applica-
tor or instrument to localize the exact position of
ghe retinal breaks on the corresponding externdl sur-
face of the sclera. The straight (O'Conner)  seleral

Figure 7:4. Retractors are used to examine the seleral
surface.

Figure 7-5. The corneal epithelium can be removed if it
becomes cloudy.

marker is particularly helpful for posterior breaks
(Figure 7-6). The assistant can help the surgeon by
grasping two of the muscle sutures 180 degrees
apart and rotating the eye so that the area of interest
is directly opposite the surgeon.

If considerable scarring is present on the surface
of the sclera. it can be difficult to identify a scleral
mark. In this situation, a toothed forceps (0.3 mm)
can be used to indent and then grasp the sclera at
the appropriate location. The grasped area can then
be marked.

If the retinal break is small.. just the posterior
margin need be marked. If it is large. the lateral
margins should also be included. Large “horseshoe"

Figure 7.6. Retinal breaks are marked on the selera.




tears usually require three marks to localize the pos-
terior margin. as well as the extent of the two ante-
rior horns (Figure 7-7). A sterile marking pen
(felt-tipped) is used on the scleral surface and the
ink "tatooed"  with diathermy (or a disposable

cautery). The localization should be checked; this
can be readily accomplished by placing the back
end of a cotton-tipped applicator on the scleral mark
and depressing while viewing the fundus with the
indirect ophthalmoscope.

Areas of lattice degeneration usually should be
marked so that bands (or buckles) can cover the
regions, particularly if retinal breaks are present and
areas are treated with cryopexy,

After the retinal breaks are found, it is recom-
mended that the surgeon examine the eye one final
time by depressing the ora serrata 360 degrees in the
hope of finding previously unrecognized  retinal
pathologic conditions. A wet, cotton-tipped applica-
tor can be rolled continuously over the retinal periph-
ery to ensure completeness of the examination.

ThermallHodalities

Cryopexy

Cryopexy should be performed to the regions sur-
rounding each retinal break and to the areas of lattice

degeneration. Contiguous freezes are applied, usually
in a VVvshape for horseshoe tears. Treatment is usually

tear.

Figure 7.7, Marking a large "horseshoe”

Scleral S9

Buckling

Surgery (Cryopexy and Explants)

Figure 7-8. Cryopexy is placed around the margins of the
large "horseshoe" rears.

extended to the ora serrata for anterjor or equatorial
tears. For large tears, one full row of freezes is placed
peripheral to the margins of the retinal break (Figure
7-8). Treatment | of bare RPE in the middle_ of large
retinal breaks should be avoided since this serves no
purpose and may cause dispersion of viable, RPE cells
into the vitreous cavity (leading to subsequent

pekiretinal  membrane formation).

If the cryoprobe is used to indent the outer eye
wall, the RPE frequently CJn be brought into con-
tact with the retina. In this situation, the endpoint of
the treatment is the instant the first whitening
appears within the retina (the foot pedal should be
immediately released at this point to avoid
overtreatrnent). .

If the RPE cannot be brought into close proximity
to the retina, a color change (pale yellow) frequently
can be seen in the RPE itself; this represents an alter-
native endpoint. - Freezing can take place relatively
quickly inan eye with thin sclera and/or choroid (i.e.,
a myopic eye). Freezing also takes place rapidly in
an air-filled eye (if the treated section of the retina is
in contact with the air).

Care must be taken always to slide the cryoprobe
under the conjunctive  and rectus muscles and to
direct the functioning portion of the probe against
the seleral surface. The position of the opening of
the protective plastic sheath covering the probe
must always be checked. It is helpful to have an
assistant call out temperature readings during [he
procedure, The endpoint should take place by
approximately -40°C, if [he sclera and choroid are
of normal thickness. Freezes below -50°C usually




60 MANUAL OF RETINAL SURGERY

should be avoided. It is helpful to stop the proce-

dure at such a point and check to be sure that the
cryoprobe is indeed in contact with the scleral sur-
face (and not on an extraocular = muscle or lid). The
surgeon must always be sure to view the tip of the
probe and not the shaft, to avoid inadvertent poste-
rior freezing that may affect the macula or the optic
nerve; this is particularly = true for straight probes

(refer to Figure 4-1). As mentioned in Chapter 4, it
is important to allow the probe to thaw completely

(with the help of irrigating fluid) before separating

it from the scleral surface to avoid the unnecessary !
risk of choroidal hemorrhage.

When the retina is highly elevated in the vicinity
of a retinal break, it may be more accurate to mark
or recheck the position of the retinal breaks after the
cryopexy has been performed, since the latter fre-
quently softens the eye and allows deeper scleral
depression.

Laser

If any of the retinal breaks are present in areas of
au ached retina or in areas of shallow subret inal
fluid, the indirect laser ophthalmoscope can be
used to treat the retinal breaks. This can also be
effective for treating flat areas of lattice if clinically
indicated.

Transscleral ~ diode laser probes have recently
been used to treat retinal breaks during scleral buck-
ling surgery though lack of widespread availability
has limited its use. Transscleral diode lasers have
the potential advantage of being able to function
through existing silicone explants.

N

40 band 20 strip

22 ("boat") accessory

Choice of Explant

In general, the choice of explant in scleral buckling
surgery is influenced by the following factors:

| and location of retinal breaks

2. Amount of vitreoretinal traction

3. Aphakia or pseudophakia

4. Available— volume for the buckle (amount of sub-
retinal fluid that can be safely drained)

. Distribution of the subretinal fluid

. Presence  of proliferative vitreoretinopathy
(PVR)

. "Geography" of the scleral sugface

. Concern | for choroidal detachment

. Size, number,

Although the choice of the buckling hardware is
always based upon the previous experience of the
individual ~ surgeon. it is beneficial for the retinal
surgeon to be as open-minded as possible to alter-
native buckling techniques.  This flexibility — will
allow for optimal results, particulatly in challeng-
ing cases. The buckling element can either be cir-
cumferential (parallel  to [he limbus) or radial
(perpendicular  to the limbus). The two most widely
used materials are solid silicone and silicone
sponge. The solid silicone "tires" are usually
grooved to accommodate an overlying band.

A wide variety of solid silicone bands, strips.
tires, and accessories are available; several popular
styles are illustrated in Figure 7-9. Commonly used
varieties of silicone sponge explants are illustrated
in Figure 7-10. Categories of explant configuration
are shown in Figure 7-11.

As a general rule, during scleral buckling
surgery all retinal breaks need to be covered by the

;]

2(7‘6 tire

U D @

41 strip 106 accessory

287 tire 280 tire

Figure 7-9. Commonly used solid silicone bands, strips, tires. and accessories.
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~onge

Figure 7-10. Examples of silicone sponge cxplarus,

buckle~ (or band). with the except ion of macular
holes. If m;Iny breaks are present and the available.
buckling volume is limited, it is necessary - to design
a "trim" " buckle so that the intraocular pressure is
not raised to inordinate levels. Strips (4=6 mm in
width). as well ;IS smaller tires and split sponges.
can be etfecti vc.
Encirclement
degree circumferential

(i.e .. with either a band or a 360-
buckle) is specifically rec-

ommended in the following circumstances:

I. Trcauncnt of aphakic and pxeudophak ic retinal
de tach me 1

) Multiple retinal breaks, and/or large tears

3. No retinal break found

4. Preretinal membrane formation, star folds. vitre-
ous membranes. PVR

5. High myopia

6. Extensive drainage of subretinal fluid

7. Extensive lattice degeneration

8. Desire to create a permanent buckling effect

It is frequently not necessary to drain subretinal
fluid; it is however, necessary to close the retinal
breakss Buckle sutures can be temporarily tied to
check for ¢losure of retinal breaks without drainage.
Drainage of sUbretinal fluid may also be necessary
to allow for the volume displacement required for

the buckling elements. In general, situations that
tend to favor drainage include:
1. Longstanding retinal detachment (with viscous

subretinal  fluid that may require long periods of
time for resorption)

2. Highly elevated retinal detachment
with elevated retinal breaks)

3. Infer ior retinal breaks

4. Presence of PVR

(particularly

grooved sponge
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S05T
tunnal spongs

5. Absence of a recognized retinal break

6. Elderly patients (with poorly functioning RPE
“pumps”)

7. Eyes that cannot tolerate intraocular  pressure

elevations
glaucoma)

(i.e .. recent intraocular surgery. severe

Radially oriented buckles are most effective for
treating single, large. posterior horseshoe tears. This
can prevent the posterior gaping of retinal tears
("fish-mouthing")  that can result, with circurnfcrcn-
tial buckles. [u1 addition to freestanding radial
sponges, radial accessories may be placed beneath
circumferential ~ buckles (see Figure 7-11B) to pre-
vent the fish-mouthing.

Segmental  circumferentiul ~ buckles (usually of
silicone sponge) can be used to treat straightforward
anterior breaks..: when the pathologic condition is
limited to discrete regions (i.e .. clock hours) and
buckle height is not crucial. It also can be helpful if
limited buckling volume is available.

As a general rule, solid silicone explants produce
broader buckles and sponge explants produce
higher indentation. For this reason. subretinal fluid
need not be drained in a higher proportion of cases
in which sponges are used.

When planning a circumferential
buckle... the following recommendations
considered:

solid silicone
should be

I. Bands or strips may be used to support small

retinal breaks, as well as areas of lattice degen-
eration.
2. Extend the explant at least 15-30 degrees

beyond the margins of the retinal break.
3. When possible, position the posterior margin of
the retinal break near the middle of the tire width.



62

MANUAL OF RETINAL SURGERY

i
e
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Figure 7-11. Categories of explant configuration. A, circumferential silicone tire with encircling hand; I, circumferential
silicone tire with underlying accessory; C, silicone strip with "boat" accessory; D, radial sponge with overlying encircling
band; E, circumferential sponge; F, tunnel sponge with internally threaded encircling band.




4. Attempt to extend the buckle anteriorly to cover the
ora serrata to prevent anterior leakage (an anterior
"gutter"); see Figure 7-12. Suture placement at the
line of muscle_ insertion will accomplish this goal.:
If the posterior extent of the planned tire is inade-
quate, an accessory can provide adequate posterior
coverage, Yet allow the antesior buckle suture to be
placed near the muscle insertion line. The posterior
suture should be placed at least 3-mm posterior to
the posterior margin of the actual break.

Although it is desirable to place the circumfer-
ential buckle around the greater curvature of the eye
(to prevent hand migration), this can lead to vortex
compression  if the band is placed too far posteri-
orly. | find it best to keep the band between the
equator and the ora serrata: this provides the best
support for the ever-threatening  vitreous base and
minimizes vortex compression.

The following recommendations
use of radial sponges:

pertain to the

1. The diameter of the radial explant should be at
least twice the width of the retinal break (i.e., if
the retinal break is 2.5 rnrn across, a sponge at
least 5 mm in diameter should be used).

') Posterior coverage is crucial: start posterior radial
sutures at the posterior margin of the retinal break
and continue 2-3 mm posteriorly. If exposure is a
problem, both suture bites may be made in the
same anterior to posterior direction (Figure 7-13).

Figure 7-12. Anterior "gutter" can develop if buckle does
nor coyer anterior portion of retinal break.
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3. If the posterior extent of the radial sponge
approaches  the macula, use the "great toe"
suture to avoid macular distortion (see following
"Intrascleral ~ Suture Placement” section).

4. Tie buckle sutures slowly (using temporary ties)

to avoid excessive intraocular pressure elevation;
watch the optic nerve head for arterial closure.
(Paracentesis  can be used to lower intraocular
pressure; it is safest in phakic eyes or pseudopha-
kic eyes with an intact posterior capsule.)

5. Trim radial sponges at the line of muscle

insertion.
6. Close Tenon's capsule 10 the anterior musole
insertion  (and episclera) in quadrants  where

radial sponges are used.

If a retinal break cannot be identified, it is a good
idea to encircle the eye, supporting the vitreous base.
since small, unrecognized breaks- are most likely 10
be present in this location. Suspicious areas in the
vicinity of the vitreous base are treated with cryo-
pexy. Many surgeons prefer to drain subretinal fluid
in this situation. As rncntioned in Chapter 2. the
location of retinal breaks can frequently he sus-
pected by examining the distribution of the subrcti-
nal fluid. Suspected clock hours (for retinal breaks)
should also be treated with two rows of cryopexy if
a definite retinal break cannot be identified.

It is important to realize that most retinal breaks
can be fixed with a variety of explant configurations.

Figure 7-13. Posterior radial sutures pluccrnent for
sponges should start at the posterior margin of the retinal
break.
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Geography of the scleral surface should be carefully
examined before a course of action is chosen. For
example, if a circumferential ~ buckle is selected, yet
would require suture placement through (or close to)
a vortex vein, a radial sponge can be chosen instead,
Similagly. a radial sponge may require a vertical
suture through an area of thin sclera, and this may
be better accomplished  with horizontally  placed
sutures for a circumferential ~ buckle, with or without
an accessory.

Once the buckle configuration
the appropriate explant material
in an antibiotic solution.

has been chosen,
should be soaked

Intrascleral ~ Suture Placement

For circumferential buckles. one to two buckle.
sutures are usually placed in each quadrant, prefer-
ably directly over the retinal breaks. In general. .

explant segments should be secured by at least two
buckle sutures. Suture material should be of the per-
manent variety. Nylon has the advantage of allow-
ing the surgeon to tie the sutures without assistance
(with a three-one-one tie). Colored sutures may be
easier to find if reoperarion is subsequently

required. Suture needles should be of the spatula
type (quarter or half circle). Half-circle needles are
particularly helpful for posterior suture placement. ,

The sclera is engaged with the tip of the needle
to approximately,, half depth and the needle is then
passed along the same plane for a total length of
2-3 mm (Figure 7-14). Other surgeons prefer
longer scleral bites (as long as 5 mm). Since suture
placement is difficult in soft eyes, it is helpful to
raise the intraocular pressure in such eyes by plac-
ing cotton-tipped  applicators adjacent to the globe
180 degrees away.

Fixation of a rectus tendon with a toothed for-
ceps for countertraction is helpful for suture place-
ment.. Bluish-appearing areas of sclera represent
thin regions and should be avoided.

Sutures are placed in a mattress fashion, accord-
ing to the orientation of the buckling element. . The
free ends of the suture are held together with a Ser-
refine clamp until the sutures are tied.

The distance between the anterior and posterior
bites for silicone tires should be approximately 2
mm larger than the actual width of the explant. . The
appropriate  distance is usually printed on the
explant's packaging label.. The use of accessories

Figure 7.-J-t, Intrascleral
the needle at upproxirnately

buckle sutures are placed with
half depth.

requires modification  (for exurnplc. the suggested
width for a No. 276 tire with underlying No. 106
button is 13 mm). Buckle height can be enhanced
by wider suture placement. .

If a sponge explant is used. the distance between
the suture bites should be 1.5 times the diameter of
the sponge.

Radial sponges can produce a "dimpling" effect
that extends posteriorly  from the margin of the
sponge. "“Toe sutures" can be used to avoid potcn-
rial macular distortion. As shown in Figure 7-15A.
the ends of the regularly placed posterior vertical
mattress suture are left long and an additional scle-
ral bite is taken at the posterior margin of the
sponge; in Figure 7-15B, tho:ends are tied, which
limits the posterior dimpling effect of the sponge,

If the suture is placed too deeply (penetrating the
sclera, choroid, pigment epithelium, and possibly
retina) and/or fluid is noted to leak from the needle.
tract, the tract should wusually be marked and the
suture removed and placed more posteriorly. The
underlying  retina is then examined with indirect
ophthalmoscopy  and, if a retinal brc'a'k is noted, it
is treated accordingly. The indirect 'l~'sercan be use-
ful in this situation if the retina is attached; cryo-
pexy can also be used. Continued drainage of liquid
vitreous or subretinal  fluid may bestopped  with
shallow scleral sutures of 7-0 Vicryl, although this
is rarely necessary.

Band sutures arc placed in a very shallow fashion,
to avoid unnecessary risk of scleral perforation. The




Figure 7-15. A, B, "Toe sutures'

ular distortion.

can avoid potential mac-

Figure 7-16. A curved hemostat can be used to place

circumferential
muscles.

buckling elements beneath sutures and
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anterior and posterior bites are placed approximately

3 rnrn apart for a 2-mm band. One band suture is
placed ineach quadrant that does not already contain
at least one buckle suture. When all sutures have
been placed, buckling elements are positioned

appropriately  beneath the sutures and the recti mus-
cles. Grooved, circumferential explants  with the
overlying bands are grasped together by a small,
curved hemostat that has been placed beneath the
buckle sutures and muscles (Figure 7-]6).

Drainage of Subretinat Fluid
As previously mentioned, subretinal fluid need be
drained only when retinal breaks cannot otherwise

be closed. Buckle sutures can be temporarily tied to
check for closure of the retinal breaks without
drainage.

In general, it is desirable ta drain subrctinal
fluid:
I. Away from the retinal breaks (particularly large

breaks) to prevent drainage
through the retinal breaks
2. Beneath the areas of maximal retinal elevation
3. Beneath retinal star folds (since these areas of
the retina tend to remain elevated until other
areas of the retina flatten)
4. In the bed of the buckle. (under prep laced buckle
sutures)

of liquid vitreous

Areas adjacent to the lateral rectus muscle are
the most desirable. because of the easy accessibility.
It is important: to avoid areas adjacent to vortex veins
(i.e., mid-quadrant),. because of the higher risk of
choroidak. bleeding. Anterior drainage sites are prefer-
able, again. to limit the risk of choroidal bleeding. It
is prudent to recheck the configuration of the sub-
retinal fluid immediately before drainage. since the
subretinal ~ fluid m;ly shift when the eye position is
altered and buckling elements are positioned.

The drainage site is prepared by radially oriented
cuts in the selera with 3 No. 64 or No. 69 Beaver
blade. Diathermyi to the scleral lips (using a conical
tip) can be used to open the scleral wound by lateral
tissue contraction. The endpoint of the scleral dissec-
tion (3-4 mm in length) is the herniation of a small,
dark knuckle of choroid into the lips of the scleral
wound (Figure 7-17A). If bleeding is noted from the
choroidal surface or if large choroidal vessels are
seen, the site is abandoned and a new one chosen.
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The choroidal sutrface can be readily examined with
loupes or with the magnification of a 20-diopter lens
using the indirect ophthalmoscope. A preplaced
suture (of nylon) is placed in the lips of the scleral
incision if the drains site is not in the bed of the buckle
(Figure 7-17B). The scleral lips are then held open
with a fine-toothed forceps (0.12 mm) and all trac-
tion is released on the globe. If the intraocular pres-
sure is still elevated, some of the preplaced buckling
material must be temporatily removed to normalize
the intraocular pressure prior to drainage.

| favor light diathermy to the choroidal bed as a
precaution against choroidal bleeding, pgior to pen-
etration of the choroid and pigment epithelium with
a sharp suture needle (see Figure 7-17B). Alterna-
tively, a diathermy pin or 30-g:luge needle (with a
90-degree  bend) can be wused. Penetration is
promptly stopped and the needle withdrawn when
fluid leakage is first noted. Choroidal penetration
can also be performed with a disposable cautery or
with an argon endolaser probe. The latter technique
is particularly ~ useful if the retina is shallowly
detached at the planned drainage site.

After choroidal penetration. fluid can be gently
expressed using cotton-tipped applicators. The cot-
ton-tipped  applicators are placed adjacent to the
globe to take up volume temporarily and prevent.
hypotony. It is desirable to place the drainage site
in a gravitationally  dependent position. Endpoints
of drainage include stoppage of fluid flow. appear-
ance of pigment, or appearance of blood. If stop-

page of flow is followed by a sudden gush of fluid,

retinal incarceration and perforation in the drainage

A

sitt must be suspected. The overlying buckle
sutures (or intrascleral mattress sutures if the drain
is not in the bed of the buckle) are then tied tem-
porarily ~ with slip knots and the retina examined
with indirect ophthalmoscopy. One observes the
amount.. of remaining subretinal fluid and its prox-
imity to the drainage site, and looks carefully for
possible complications,  such as subretinal hemor-
rhage, retinal breaks at the drainage site, and reti-
nal incarceration (which should be treated as would
a retinal break). Again, the indirect laser ophthal-
moscope can be particularly. . helpful in treating
these breaks. Scleral depression is used on the
buckle and one or two rows of laser are placed
around the retinal break or incarceration.

If more fluid needs to be drained, the original
drain site may be reopened (if it appears safe to do
so) or a new drainage site selected. The original
drainage site should never be reopened if hemor-
rhage is observed at the site. If subretinak. hemorrhage
is seen, the head should be positioned to avoid col-
lection of the blood in the macula. This, of course, is
not a concern with macula-on detachments.

An alternative technique for draining subretinal
fluid can be performed using indirect ophthal-
moscopy and a 25-gauge, s/ij-inch needle attached
to either a small syringe (without a plunger) or to
the foot pedal-controlled  linear suction of a vitrec-
tomy system. The needle is advanced Obliquely
through the sclera (to allow self closure) avoiding
larger choroidal vessels; the bevel of the needle is
turned toward the RPE (to avoid retinal incarcera-
tion). Proponents  of this technique prefer the con-

Figure 7-17. A, preparation of drainage site; B. penetration of choroid with a sharp needle.




trolled fluid egress and the simultaneous “internal”
visualization.

When the drainage is completed, buckle sutures
are pulled up and tied permanently. If a band is
used, the ends may be joined with a permanent
suture clove hitch or a Watzke sleeve. The ends of
the encircling sponges (or tires) may be joined
directly (end-to-end), using a permanent mattress
suture.

While
intraocular
If it is elevated.

you are tying the buckle sutures. the
pressure should be checked periodically.
the perfusion of the retinal arteri-
oles (i.e .. arterial pulsation near the optic nerve
head) must be checked; the arterioles should be
open at least 50% of the time. A paracentesis can be
performed if the intraocular . pressure is excessively

high. This maneuver is safer in phakic eyes or
pseudophakic  eyes with an intact posterior capsule.
A 30-gauge needle is introduced over the peripheral
iris (to avoid risking damage to the lens) and
approximately 0.1 ow of fluid withdrawn. A para-
centesis knife can similarly be used. Paracentesis

should be avoided in aphakic eyes because vitreous
can be pulled to the limbal puncture site. | prefer to
avoid removal of "liquid vitreous" via a pars plana
needle. since formed vitreous can be withdrawn,

causing increased vitreoretinal traction.

If pressure elevation s anticipated. temporary
ties can be used and the tension loosened appropri-
ately. Slow. intermittent tying of the buckle sutures
is frequently an effective technique for dealing with

elevated intraocular pressure. As previously men-
tioned, mannitol may be administered intravenously
(I g/kg) for marked intraocular pressure elevation.

After the subretinal fluid is drained. fundus visu-
alization may be poor; this usually results from
either a hazy cornea or a small pupil.. Miosis may

be corrected by topical drops in some instances.
Epinephrine (0. I ml of I: 10.000 concentration) can
also ge injected into the anterior chamber and argon
endolaser phorornydriasis  used in refractory cases.
Flexible iris retractors can be used in aphakic and
pseudophakic  eyes if visualization is crucial. Redi-
recting the light of the indirect ophthalmoscope

upward and using a 28- or 30-diopter lens can also
help to see through a small pupil.. If the corneal
epithelium appears edematous, it can sometimes be
temporarily cleared by rolling a wet and squeezed-
out colton-tipped  applicator over the corneal sur-
face; the cornea s irrigated after the maneuver is
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completed and the fundus viewed promptly. I may
also be necessary at this point to remove edematous
corneal epithelium  with a blade (as previously
described).

The fundus is then reexamined to check the posi-
tion of retinal breaks on the buckle.. Although the
margins of the retinal breaks need nOl be flat on the
buckle. the buckle element must entirely underlie
the retinal break. Indentation of the buckling ele-
ment (with external pressure) may aid in this evalu-
ation. If the retinal breaks are not suff icient ly
covered. buckle sutures may be repositioned  or
accessories placed with new buckle sutures. Figure
7-18 demonstrates  the placement, of a segment of
circumferential  sponge to the posterior margin of an
existing explant for further posterior coverage; new
sutures are placed to include both explants. If a
radial sponge appears to be too narrow. new buckle
sutures may be placed lateral to the existing sutures

and a wider sponge wused after the original s
removed.
Physiologic ~ saline solution. air. or cxpansile

gases may be used to reconstitute the vitreous cav-
ity after buckle sutures have been lied if the eye is
hypotonus  (though this is usually not ncccxxary).
Injections are made through the pars plana (mea-
sured 4 mm posterior to the limbus in phakic eyes
and 3 rnrn posterior 10 the limbus in pseudophakic
eyes) using a 3D-gauge needle. In aphakic eyes
(without a posterior capsule). the injection may be
given through [he limbus. In general, . physiologic

Figure 7-18. Pluccrnent of circumferential
posterior margin of an existing explant.

sponge along
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saline is used when the retinal breaks are flat on the
buckle, Air or expunsile gas injections are used
when an intraocular tamponade is required to elose
an elevated retinal break over a well-positioned
budde, or if “fish-mouthing”  (posterior gaping of
the tear) occurs. Air/gas bubbles are most effective
when the breaks are located in the superior 8 hours,
since inferior positioning of the bubble is difficult
postoperatively.

Air/gas should always pass through a Millipore
filter prior to intraocular injection.
performed under general anesthesia, the anesthetist
should be alerted to discontinue the nitrous oxide
when air or gas bubbles. are used, since nitrous
oxide can drastically change the volume of the bub-
bit: in a very short time. If an expansile gas is used,
topical beta blockers and carbonic

If the surgery is

anhydrase

inhibitors should be administered postoperatively.

Concluding Surgery

The buckling
space arc

elements and the subconjunctival
irrigatcd with an antibiotic  solution.
Tenon's ClpSUI{: should be attached to the anterior
muscle insertion or episclera with 7-0 Vicryl sutures
in quadrunt-;- where sponge material has been used
(especially radially oriented sponges}. This special
two-layer closure helps to prevent sponge extrusion
and infection.

The conjunctiva is closed with winged sutures of
7-0 Vinyl. , incorporating episcleral tissue. Relaxing
incisions and other dehiscences in the conjunctiva
should be meticulously repaired to prevent buckle
exposure, infection, and extrusion.

I prefer to inject subconjunctival  cefazol in (20
010" as well ~I$cribulbar steroid (Kenalog, 40 mg) at
the conclusion of the procedure. Atropine 190 drops
(or ointment) and a combination  antibiotic/steroid

ointment are also used. If the intraocular- pressure is
elevated, drops of tirnolol (0,5%) and topical car-
bonic anhydrase inhibitors may be used; aceta-
zolamide (500 mg) may also be administered
intravenously.  As mentioned previously, pressure-
lowering drops are always used when an expansile
gas bubble is injected. and systemice acetazolamide
is frequently used during the first 24 hours, The eye
is then patched and a protective Fox shield is taped
into place.

A detailed operative

report is particularly help-
ful if postoperative

problems are encountered and
reoperation is required. A detailed diagram should
be placed in the patient's chart that shows the loca-
tion and types of buckling material used, as well as
the locations of the drain sites.
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Table ~-2_ Indications for Vitrectomy

Nonresolving vitreous  opacities

Proliferative retinop; Ithies

Traction  retinal  detachments

Complicated rhegmutogenous retinal  detachments

Retinal ~ detachment with vitreous hemorrhage

Proliferative vitreoretinoputhy
Posterior  tears

Giant tears
Combined.. ~ tr;lctional-rhegmatogenous
detachments

Posteriorly,

retinal

dislocated  crystalline  lens or lens material

Posteriorly,  dislocated  pseudophukos

Epireunal ~ membranes.  vitreornacular traction.  and

vitreopapillary traction

Macular  holes

Subretinal ~ neovascular ~ membranes  arid/or subrerinal

hemorrhage
Diagnostic  vitrectorny

Ocu lar trauma including intraocular ~ foreign bodies

Ent.!ophrhalmitis
Retinal ~ detachment  associated ~ with retinopathy  of
prematurity
[ntruvitreal

Other:

ganciclovir implantation

uveitis and aphakic cystoid maculars edema

Foveal translocation

seldom indicated until the visual acuity is reduced
to 20/60 or worse.

The whole lens or part of a lens may dislocate
posteriorly  during cataract surgery and may cause
uveitis. glaucoma, or lead to retinal detachment. - A
dislocated to Marfau's syn-
drome, trauma, or syphilis. Poste-
riorly dislocated  lenses are best managed with
vitrectorny  techniques.

A posteriorly dislocated pseudophakos
to posterior segment complications.
rectorny techniques. a dislocated intraocular lens
(IOL) can be either repositioned or removed.

Yitrectomy may be indicated to obtain a vitreous
specimen  for cytologic diagnosis of a neoplasm
such as large cell lymphoma. Cultures can be
obtained in suspected cases of endophthalmitis  and
a cellular diagnosis obtained in cases of uveitis. Vit-
rectomy for molecular diagnosis of several infec-
tious organisms is now possible. In particular, PCR
is useful for diagnosis of herpes viruses. In some
centers, peR diagnosis of syphilis, toxoplasmosis,
bacteria, and fungi is available. Vitrectorny —may
also be indicated in uveitis to clear the media, to

lens may be secondary
hornocystinuria,

may lead
By using vit-

treat tractional ~ complications,
cyglitic. membranes.

Vitrectorny may be indicated
aphakic or pseudophakic  cystoid macular
(CME) if vitreous is incarcerated in the wound or
perhaps adherent to anterior intraocular structures.
Vitrectorny for CME is controversial in eyes with-
out vitreous incarceration.

In, cases of endophthaltnitis,  vitrectorny is useful
for obtaining a specimen for culture, as well as for
removing ipflammatory debris from the eye. In asso-
ciation with the use of ipntraocular antibiotics,. the treat-
ment of endophthalmitis has been greatly enhanced by
vitrectorny techniques. Vitrectorny has been proven
beneficial in the most advanced forms of endoph-
thalrnitis by the Endophthalmitis Vitrectorny Study.

Ocular trauma associated with penetrating injuries
or intraocular foreign bodies is often managed with
vitrectorny  techniques.  Penetrating  injuries with
severe hemorrhage with or without retinal detach-
ment often require vitrectorny, Intraoculas: foreign
bodies that are nonmagnetic, obscured by hemor-
rhage, incarcerated in tissue, or encapsulated usually
require treatment with vitrectomy.

Retinopathy ~ of prematurity in advanced stages
may require vitrectorny. Newer lens-sparing vitrec-
tomy techniques may improve visual rehabilitation
following  surgery in neonates. and the use of
smaller, 25-gauge instruments should allow safer
and more precise surgical maneuvers.

While not always requiring a vurectorny, the use
of ganciclovir implants has improved the quality of
life of many patients by allowing them to stop or
reduce the need for frequent intravenous or intra-
vitreal anti viral therapy.

More recent indications for vitrectorny are for
treatment of macular disorders such as macular hole.
subretinal hemorrhage, and subfoveal neovascular
membranes. Treatment of a macular. hole requires vir-
rectomy, separation of the posterior cortical vitreous
over the macula, dissection of epiretinal membranes,
and possibly internal limiting membranes, and tam-
ponade with a gas bubble. Subfoveal neovascular
membranes and subretirial hemorrhages may be
removed through small retinotomies following vit-
rectomy. The ipdications for the latter procedures are
the subject of an ongoing national randomized elinical
trial (Subretinal ~ Surgery Trial) sponsored by the
National Eye Institute. Foveal translocation tech-
niques may offer the possibility of visual improve-

and to remove

in patients with

edema




ment for some patients with subfoveal choroidal neo-
vascular membranes. Indications for these procedures
have yet to be completely defined and randomized;
controlled clinical trials are pending.

Instrumentation

Early vitreous cutting instruments were "full-func-
tion" instruments that provided cutting capability,
suction, fluid infusion, and illumination in a single
large probe. The full-function' instrument was placed
through a single large sclerotomy site. Modern
instruments  are of a "split-function" design, in
which suction and cutting. infusion, and illumina-
tion are separated and placed through three individ-
ual small ports. By separating the function of the
instruments, it was possible to reduce their size, The
advantages  of rniniaturiz ing the instruments out-
weigh the disadvantages  of the multiport system.
Early instruments had a routing or oscillating inner
cuning tip, but most recent instruments use a "guil-
lotine” cutting action. The guillotine cutting instru-
ment (Figure R-I) has an outer fixed tube (Figure
8-1 A) with an opening (Figure 8-1B) through which
vitreous is aspirated. An inner cutting tip (Figure
8-1C) slides across the inner ponion of the opening
to cut the vitreous. There is less risk of incarcerating
vitreous in the opening of an instrument with a guil-
lotine-type  action than one with a rotating or oscil-
lating action. Most instruments cut at a maximum of
approximately 600 cycles per second. Some newer
instruments  have cutting rates of up to 1500 cycles
per second that cause less traction on the retina when
cutting unseparated vitreous such as at the vitreous
base. Sm311ler diameter cutters, as small as 25 gauge,
have been developed for use in small eyes.

Other instruments necessary for vitreous surgery
are listed in Table 8-3. It is often difficult to predict
which instruments  will be necessary during an indi-
vidual case, so we recommend that all instruments
be available for most cases.

Figure 8-1. "Guillorine” vitreous cutler. Inner cylindrical
blade (C) slides "cross opening (B) within outer tube (A).

Posterior Segment Vitrectomy

Table 8-3. Accessory Vitrcctorny  Instruments

Microvitreorctinal ~ blades (19 and 20 gauge)
Scleral plugs and forceps
Lens system
Hand-held infusion lenses
Sew-on lens ring set
Lenses for posterior pole, wide angle, periph-
eral viewing and fluid-gas exchange
Wide-angle system (contact vs. noncoruact)
Hlumination  system
Light source
Fiberoptic illumination probes
Standard
Wide-angle..
Hluminated picks (Figure 8-2). knives. or
forceps
Ultrasound lens fragmentation unit
Bipolar diathermy
Exodiathermy
Unimanual. . bipolar endodiathcnny
Vitrcorcrinal -~ picks
Barbed MVR blade
Michels picks
Hluminated picks-
Vitreous  scissors
Righi angle vertically cutting (Figure 8-3A)
Horizontally cutting (Figure 8-3B)
Automated handpiece
Membrane Pcclerf.uner (MPC) (Figure 8-4)
Vitreous forceps
End-grabbing  membrane
Various sizes and configurations
Diamond dusted (Figure 8-5A)
Machemer diarnonddusted  foreign body forceps
(Figure 8-SB)
Subretinal forceps (Figure 8-SC)
Hluminated forceps
Suction needles
Silicone-tipped
Charles (fluted) needle and handle. (backflush system
preferred)
Backflush brush
Cannulated extrusion needle system (snake)
Laser endophotocoagulatian  system
Laser Indirect Ophthalmoscope
Continuous infusion air-pump system
Cryosurgical  unit
Perfluoropropane  and SFg gases
Silicone oil
Perfluorocarbon  liquid
Tissue manipulator (Figure 8-6)
Itis retractors
Diamond-dusted membrane scraper
Intraocular ~ foreign body magnet
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Figure ::1-2. Fiberoptic illurninuted  pick.

8

Figure !-J.
CuUlling.

Sutherland vitrcoretinal

scissors (Alcon Surgical. . Fort Worth, TX). A, Horizorually-cuttiug

, B, Vertically-

==

Fil.:ure !l--t tvII'C virrcorctinal scissor (Alcon Surgical.

Preoperative

Management
Ocular Examination

A complete general eye examination should be per-
formed on both eyes of all patients prior to vitreous
surgery (see Chapter 2). If the patient cannot read
the Snellen chart. lower levels: of visual acuity
should be documented.

Of particular interest to the vitrectomy surgeon is
the study of vitreoretinal relationships with slit-lamp

<=k P (it 5 2
bl Rl

Fort Worth, TX).

biomicroscopy (i.e., using a Goldmann three-mirror or
a 78- or 90-diopter noncontact aspheric lens). Cross-
sectional vitreoretinal drawings can' be most helpful
in understanding  complex vitreoretinal  pathologic
changes. Retinal drawings should include the degree
of posterior vitreous separation and the areas of vitreo-
retinal adhesion. Proliferative membranes and active
ncovascularization ~ should be documented and areas
of choroidal detachment and anterior cyclitic mem-
brane (distorting the peripheral retina). which might
intesfere with instrument placement. should be noted.
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RSy
A

TR

A B ©
Figure 8-5. Vitreoretinal forcers, A, Sutherland diamond-dusted end-grabbing forcer (Alcon Surgical. Fort Worth. TX).

B, Machcrner diamond-dusted  foreign body forcep (Alcon Surgical. . Fan Worth, TX). C, Subrcrinal forcer (Synergetics.
Sl. Louis. MOJ.

i .—.-:‘:':Q_I_c- _—
_——— =

Figure 8:6. Tissue manipulator.

Corneal clarity must be carefully evaluated, As mentioned in Chapter 2, the iris should be
since severe opacification might require the use of &  meticulously examined prior to instillation of mydri-
temporary  keratoprostbesis  device. A donor comea  garjes to search for iris ncovaxcularization  (rubeosis
should be available at the time of surgery if the tem- jrgis). Preoperative iris neovascularization is a par-
porary  keratoprosthesis s to be used. ticularly poor prognostic factor in diabetics, although
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prompt reattachment of a detached retina and exten-
sive intraoperative  endophotocoagulatien may sal-
vage the eye.

The lens should be carefully evaluated to deter-
mine both the glarity of the lens and the estimated
"hardness" of the lens nucleus. It is usually easier
to remove the lens eagly in the procedure; therefore,
the decision to remove the lens is often made pre-
operatively.  If an extremely hard lens nuclews is
anticipated, the decision to pegform a limbal extrac-
tion is sometimes made.

Surgical Planning
The surgeon should have a plan for the operation.
Although  findings and events at surgery may
change the surgical design. careful preoperative
planning will reduce the likelihood of intraopera-
tive problems. The surgeon should anticipate the
equipment needed for the procedure. Ultrasound
lens fragmentation. scissors,  forceps, or other
equipm~nt  should be available . as required (see
Table 8-3). The surgeon should try to anticipate
potential surgical complications.
Prior to induction of anesthesia,
microscope. the vitrcctorny instrument and console,
all foot pedals, and other critical instruments are
checked for proper function. All equipment needed

the operating

for the procedure should be available (see Table 8-3).

Anesthesia

Vitreous surgery can be performed
local or general

under either
anesthesia (see Chapter 6). We use
local anesthesia ~ with close monitoring  of the
patient's _ medical condition by an anesthesiologist
(or most cases. We use general anesthesia for chil-
dren and for adults unable. to tolerate a local anes-
thetic. Examples of adults that might benefit from
a general anesthetic include patients that are men-
tally challenged, highly anxious, or claustrophobic.
For local anesthesia, we require anesthesia
standby with constant monitoring of the patient. - We
prefer a 50:50 mixture of 2% lidocaine (Xylocaine)
and 0.75% bupivacaine  as the local anesthetic
agent. A lid block is usually not used. We give an
injection of 5 rnl of the anesthetic solution in the
retrobulbar space. The patient may be placed on an

air mattress for comfort.. We create a tent over the
patient's nose and mouth by elevating the drapes
with a small cardboard device that adheres to the
face with a Nevyas disposable drape retractor (Var-
itronics, Inc., Broomall, PA). Oxygen is delivered
to, the patient through a nasal catheter. High levels
of oxygen should usually be avoided since this can
promote retinal phototoxicity. Sedation may be ben-
eficial for some patients. but it is important- that the
sedative be' carefully titrated by an anesthesiologist

experienced in local anesthesia. Patients should not
be overly sedated because they may move upon
awakening during the procedure.

Patjent Preparation

We cleanse the skin and the eyelids
povidone-iodine (Betudine)  solution. We place
5% povidone-iodine in the conjunctival  cul-de-sac.

The head is centered on the headrest. . leveled, and
the face is directed toward the ceiling. Proper drap-
ing is critical to ensure a sterile. dry field and to
protect personnel and equipment from fluids on the
floor (Figure 8-7). We drape the forehead. then
place a large plastic drape over the eye, draping out
the eyelids, with an adhesive portion covering the
eyelid and periocular skin. The nonadhesive portion
of the drape covers the remainder of the face and
the operati ve field. Figure 8-7 shows the draped
patient and the trough around the head created in
the drape between the head and the U:shaped wrist
rest surrounding the top and sides of the head. Fluid
is caught in the trough and is removed with a suc-
tion catheter. .

with  10%

Instrument ~ Arrangement

A host of large instrument consoles and foot pedals
are necessary for vitreous surgery. The instruments
should be arranged in a convenient and safe man-
ner that allows easy access to th~"patient by the
operating room personnel. . Foot pedals should be
placed so that the surgeon can easily engage them
while_ maintaining his or her balance.
be conveniently

Consoles can
stacked on a neurosurgical  table
placed across and above the inferior portion of the
operating table (Figure 8-8). A sterile plastic drape
can be placed over the consoles.




Figure 8.7. Patient draped for vitreoretinal surgery.

s ﬁ%‘iﬁiﬁ 9 sl
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Figure 8-8. Instrument consoles stacked on neurosurgical

Intraocular Infusion Solutions

The intraocular solution for infusion should be sterile
and isotonic, with. constituents near those of normal
ocular fluids and with a balanced pH. The following

Posterior Segment Vitrectomy 75

table.

combination appears to be the best available ocular
irrigating solution: (I) glutathione, which protects the
cellular- enzymes from oxidizing agents and is essen-
tial for maintaining intercellular junctions; (2) glu-
cose, an energy source; (3) magnesium, an important
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factor in cellular. enzymes;
system; and (5) Ringer's lactate solution. We use
commercially available balanced salt solution (BSS
plus, Alcon Laboratories, Fort Worth) for vitreous
surgery.
Diabetic
lar feathery

(4) a bicarbonate buffer

lenses may develop posterior subcapsu-
opacities  during vitrectorny due to
excessive accumulation  of glucose. fructose, and
sorbitol, which induce osmotic uptake of water. We
add J cc of 50% dextrose (without preservatives or
antiox idunts) to 500 cc BSS plus solution (which
increases the glucose concentration  to 400 mgy/dl
and increases the osmolality of the solution to 320
mOsm) to prevent lens opacitication during diabetic
vitrectomy. We use glucose-fortitied  BSS plus for
diabetic  patients and regular BSS plus (without
additional glucose) for nondiabetic patients.

Preparation for Entrance into tire Eye

Prior to entering the eye, we inspect and test the vit-
rcctorny instrument and flush air bubbles from the
system. We inspect the infusion port and run fluid
through the tubing to flush out any remaining air.
We test the fiberoptic light probe. We make final
microscope adjustments. then adjust the height and
position of the surgeon's chair so that the surgeon
is sitting with his or her back straight (to avoid later
discomfort) . and on the front edge of the chair (to
avoid later pressure-induced  numbness of the feet).
Ideally, the angle. between the surgeon's upper leg
and lower kg approximates 90 degrees. All foot
pedals should be functional and comfortably acces-
sible. The infusion bottle height is adjusted to about
13-15 cm above the level of the eye.

The operating microscope should have coaxial
illumination and X-Y function. A beam splitter is
used to: give the assistant a coaxial view. We use a
microscope  with a multifunctional ~ foot switch that
controls zoom, focus, X-Y movement, room lights,
and operating microscope lights. We prefer to cover
the microscope with a sterile plastic drape te avoid
instrument. contamination. We orient the microscope
vertically to permit equal access to all meridians of
the eye. Many microscopes can be tilted toward or
away from the surgeon to improve visualization of
the superior or inferior periphery. The microscope
foot pedal should be draped with a plastic bag to pre-

vent fluids from causing electrical malfunction.

Operative Technique

Entrance into the Eye

If a scleral buckle is planned. we open the conjunc-
tiva 360 degrees at the limbus, and loop the mus-
cles with 2-0 silk sutures. However. we do not
create a full lirnbal peditomy if we do not plan on
placing a scleral buckle. Figure 8-9 shows an eye
prepared for vitrectomy when a scleral buckle- is not
planned. We place a transconjunctival 4-0 silk
suture on OO-1 needle through the tendon of the
medial rectus muscle. We then make a temporal
conjunctival  limbal pekitomy with a radial relaxing
incision at the temporal horizontal —meridian. We
expose the sclera and place a4-0 silk traction suture
through the tendon of the lateral rectus muscle.
mitting good exposure for the temporal
sites (Figure 8-9). We then make a 5-mm radial
conjunctival incision that extends from the limbus
nasally toward an area just superior to the medial
rectus muscle. We apply light bipolas diathermy to
the episcleral vessels, in preparation for making the
sclerotomies.

The ideal sclerotomy site is through the pars
plana anterior to the vitreous base. Figure 8-10
shows the surgical anatomy between the limbus and
the ora serrata. (The sclerotomy  site is usually
located between the anterior pars plana and the
anterior  vitreous base.) Sclerotomies are made
3 mm posterior to the limbus in aphakic or
pseudophakic eyes or in eyes in which a lensectomy
is planned. Sclerotomies are made 3.54.0 mm pos-
terior to the limbus in phakic eyes. The selerotomy
sites must be made more anteriorly in infants' eyes
and in eyes in which the retina is pulled anteriorly
over the pars plana by anterior traction.

Sclerotomy sites should be close to the horizon-
tal meridians in order to allow equal access of instru-
ments to the superior and inferior peripheral retina,
but we try to avoid the anterior ciliary artesies located
anterjor to the muscle insertions. IThe infusion port
should be located just inferior to the meridian of the
lateral rectus insertion, while the instrument selerot-
omies should be just superior to the menidian of the
horizontal rectus insertions, 150--160 degrees apart
(Figure 8-9). Infusion ports or instruments placed too
far from the horizontal meridian may hamper move-
ment of the eye due to impaction of the instrument
or the infusion tubing on the lid speculum. We mark

per-
selerotomy




Figure 8.9.
temporal

sclerotomies.

= Anterior pars plana
Anterior vitreous base

Ora serraia

Posterior
vitreous
base

Figure 8-10. Surgical anutorny from limbus to posterior
vitreous rase.

the site of the planned sclerotomy with a marking

pencil after measuring with calipers. We place a 5-0
nylon mattress suture on a DO-S needle around the
planned site of the infusion port (Figure 8-11). We
make the sclerotomy with a 19-9auge rnicrovitreo-

retinal blade (MVR blade) with the flat portion par-
allel to the limbus. Alternatively, a 20-gauge MVR
blade may be used and the opening dilated with a 19-
gauge sharp rieedle. We direct the knife toward the
center of the phakic eye, although it can be directed

Eye prepared for virrcorctinul surgery. Infusion port inserted inferorcrnporally,
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Note plugs in nasal and

Figure 8:11. Mauress suture prcpluced around sclcrut-
orny prior to place men! of infusion port.

slightly more <Ulteriorly in the aphakic or pscudopha-
kic eye. The widest portion of the arrowhead-like
knife must pass through the pars plana epithelium.
This is accomplished by passing the tip approxi-
mately 5 mm into the eye. We flush any remaining
air bubbles from the infusion line; then, with the
infusion turned off, the infusion cannula is inserted.
We use a 4-o1011 long cannula in most eyes, but if the
choroid is thickened, the pars plana is covered by
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dense blood, inflammatory cells, or fibrous tissue, or
the pars plana is detached, a 6-mm cannula can be
used in the aphakic or pseudophakic eye. The can-
nula is fixed in place with the mattress suture. If the
tip of the ipfusion cannula does not pierce the pars
plana epithelium, infusion into the choroidalk or sub-
retinal space may result.. The tip is easily visualized
by directing the fiberoptic light from the opposite
side of the eye through the cornea as the irifusion port
is depressed into the eye. The tip should be elearly
identified before the infusion is turned on. If blood,
cataract, or other opacity obscures the tip of the can-
nula, a secondary * hand-held, 20-gauge infusion nee-
dle, with the tip visually identified in the eye, should
be used for infusion until the tip of the infusion can-
nula can be visualized.

We make the instrument sclerotomies
gauge rather than a 19-9auge MVR blade so that
there is less leakage from the sites during vitrec-
tomy. We usually make the nasal sclerotomy first
for the fiberoptic light probe. We direct the light
probe toward the center of the phakic eye, but it can
be directed more anteriorly in the aphakic or
pseudophakic  eye. With the eye stabilized by the
nasal instrument, we make the temporal sclerotomy,
then place the vitrectorny instrument into the eye.
In the aphakic eye, the instruments are easily visu-
alized in the pupillary space without a contact lens.
In the phakic eye. we place the contact lens on the
eye immediately in order to identify the instru-
ments. If one or both instruments cannot be seen,
the surgeon should back his or her eyes away from
the microscope and examine the eye grossly. Instru-
ments can be realigned to point toward the center
of the eye, then the tips can be more easily seen
when the surgeon once again looks through the
microscope.  If tissue is seen to be pushed forward
by either instrument, that instrument should be
.removed and the sclerotomy site opened once more
with the MYR blade before the instrument is rein-
serted into the eye.

with a 20-

Basic Vitrectomy

The position of the wrist rest should be higher in the
phakic eye to keep the hand position somewhat more

anterior; thus, the instrument tips will be directed

more posteriorly to avoid damage to the lens. In the
phakic eye, the surgeon should develop a sense of

hand position to avoid bringing the instruments ante-
riorly and possibly damaging the lens.

The eye is manipulated with a bimanual
nique with the two instruments.
movements  are vertical, horizontal, and oblique
ductions of the eye. These movements are made by
exerting equal force with the two instruments in the
same direction. Unequal force or torsional forces by
the -ipstruments  will create corneal striae and reduce
visibility. Instruments are held with the fingertips.
Individual instrument manipulations  that must be
mastered are rotational and in-out movements.
Combinations  of the bimanual manipulations of the
eye and rotational and in-out movements are neces-
sary to perform basic vitrectorny techniques.

The fibe_roptj,c light should be held a short distance
away from the vitrectomy instrument and directed
just to the side or just beyond the tip of the instrument
to illuminate the vitreous and reduce glare. Indirect
illumination is frequently useful and is accomplished
by directing light at the posterior retina and using the
reflected light to illuminate the field.

Moderate suction (maximum of 150 mm Hg)
and a rapid cutting rate (400-600 cycles per second
or sometimes higher) are used. After ascertaining
that the infusion is on, cutting is tested in the central
anterjor vitreous. With low suction.
engaged in the port. If the instrument is not cutting
adequately, the vitrectomy hand piece should be
replaced. If there is inadequate suction or if suction
does not disengage, the instrument console should
be checked.-Yitreous to be removed may be opallue
or clear. If the vitreous is clear, the retina can be
easily monitored during vitrectorny. If the vitreous
is opaque, the retina is often hidden and there may
be a risk of cutting into the retina.

The four basic vitreoretinal relationships
follows: (I) vitreous separated from attached
(2) vitreous not separated from attached
vitreous separated from detached retina, and (4) vit-
reous adherent to detached retina. In addition, there
are eyes with partial vitreoretin~t~'eparation with
focal or broad areas of vitreoreti~al adhesion. The
variable vitreoretinal relationships require different
approaches during vitrectomy.

If the instrument is functioning properly, the vir-
rectomy is begun. Loose central vitreous not under
traction will usually come directly toward the port.
The instrument tip is placed in the anterior centra. !
vitreous and directed either slightly superiorly —or
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inferiorly  to begin the vitrectorny. The surgeon
should follow the instrument tip with the X-Y of the
operating microscope, always keeping the instrus
ments in the center of the field. Frequent change of
depth of focus anterior and posterior to the field of
the instruments will keep the surgeon aware of any
unwanted tissue, such as retina that might be com-
ing toward the.instrument, The instrument cuts best
if the port is directed toward the vitreous to be cut
(Figure 8-12A). If loose vitreous is not under trac-
tion, it will sometimes curl around the probe 10 the
port when the port is directed away from the vitre-
ous (and away from the retina). This is a good
method if the retina cannot be seen. If the attached
retina can be identified, direct cutting with the port
directed toward the vitreous is preferable, If the vit-
reous is under traction, the port must be directed at
the vitreous to be cut.. In order to section a vitreous
band, it must be directly engaged by the vitreous
cutter.. While cutting vitreous, the surgeon should
disengage from the vitreous regularly to check that
the instrument continues to cut well.

Clear vitreous may be difficult to visualize dur-
ing cutting. Formed vitreous can be seen when
directly illuminated with the fiberoptic light, but is
difficult - to see with diffuse or indirect illumination.
If vitreous is not well seen, the angle or distance of
the fiberoptic light from the vitreous should be
adjusted in order to better illuminate the vitreous.

An important point in the procedure is the inci-
sion of the posterior hyaloid. This frequently pro-

A
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vides the first view of the retina. The posterior
hyaloid should first be opened over attached retina,
if possible, and preferably in an area in which the
vitreous is well separated from the retina. The pre-
operative ultrasound scan will frequently delineate
the best area, If the posterior hyaloid is collapsed
and thin, it may curl around the vitrectomy instru-
ment tip into the cutting port even if the port is not
directed toward the hyaloid. If the hyaloid is thick-
ened, it is necessary to direct the port toward the
hyaloid. The opening in the posterior hyaloid is
enlarged until the retina can be visualized. If blood
in the subhyaloid space obscures the retina, after the
opening is adequately  enlarged. the blood is
removed with a silicone-tip  suction needle. When
the retina is well-visualized, the cutting port of the
vitrectomy instrument is placed through the open-
ing in the hyaloid and the port is directed away
from the retina toward the hyaloidal edge. The
hyaloid is engaged and cut, centrifugally enlarging
the opening in progressively larger concentric cir-
cles toward the periphery. It is necessary to cut the
peripheral vitreous back far enough to give an ade-
quate view of the peripheral retina (Figure 8-128).
In eyes at risk of anterior cellular proliferation (eyes
with retinal detachment, diabetes, or anterior reti-
nal breaks) scleral depression is useful in exposing
the peripheral vitreous for excision.

Removal of the peripheral vitreous is more diffi-
cult than removal of the posterior vitreous. The inex-
perienced surgeon may have difficulty visual izing

&)

Figure 8-12. A, Cutring port directed toward vitreous to be. cut. B, Postvitrectorny eye. Only remaining vitreous is at

vitreous base,
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the peripheral vitreous. There may be inadequate
illumination and stsiae and distortion of the cornea
created by unequal force on the instruments
taking the eye to extremes of direction. Relaxing the
grip and equalizing the force on the instruments in
order to reduce tension between the selerotomy sites
can eliminate the corneal striae.

Direct illumination of the peripheral
the side of the vitreous-cutting  instrument
sible in the phakic eye without touching
with the shaft of the fiberoptic
8-13A). Adequate illumination
using indirect illumination,  in which the light is
directed toward the posterior retina using the
reflected light for visualization (Figure S-LJ B). The
surgeon should not try to cut the far peripheral vit-
reous on the side opposite the entrance site of the
cutting instrument because of the danger of touch-
ing the lens with the shaft of the instrument. . That
vitreous can best be removed by exchanging the
instruments so that the cutting instrument is on the
side of the peripheral vitreous to be cut. Remaining
blood or debris on the retinal surface is removed
with the silicone-tip suction needle.

If the retina is partially detached, the posterior
hyaloid should be incised over attached retina if
possible,. If the retina is completely detached, the
incision of the hyaloid is best done over a less bul-
lous area. Although preoperative ultrasound

when

vitreous on
is impos-
the lens
light source (Figure
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scans

Figure 8-13. A, Lens touch with endoilluminator
nation of vitreous avoids lens touch.

may be helpful, the configuration of the retinal
detachment may change at surgery, so an incision
posterjorly over the optic nerve where the retina is
flat is usually best.. If the posterior hyaloid is col-
lapsed anteriorly, the cutting port is directed anteri-
orly and the vitreous and posterior hyaloid may curl
around the tip into the cutting port during suction.
However, it is usually necessary to direct the cut-
ting port at least parallel with the collapsed hyaloid
or directly toward a thickened or taut hyaloid to
create an opening. Cutting and suction should stop
as soon as an opening is made in the hyaloid. Once
the hyaloid is opened, the instrument tip is placed
through the opening and the cutting port is directed
away from the detached retina toward the hyaloid.
Low suction is applied and the retina is kept in view
during vitrectorny.  Vitreous is cut peripherall)

toward the vitreous base. In the periphery there is
danger of suctioning bullous retina into the cutting
tip. A good method to use in the periphery near the
retina is to engage the vitreous with low suction anc
short bursts of cutting, letting the vitreous (anc
retina) fall back between .cuts. If a retinal break i
located, subretinal fluid can be aspirated with th®
silicone-tip  suction needle. to partially flatten th
retina. thus reducing the risk of peripheral retina
damage. Newer high-speed vitreous cutting instru-
ments may exert less traction on the detached retina
because there is less unobstructed suction betweer

while illuminating vitreous on opposite side of eye. B, Indirect illurni-




the high-speed cuts. There is more control during
the procedure. because of the reduced mobility
of the retina during cutting.

Another maneuver that will reduce the mobility
of the detached retina is to inject petfluorocarbon
liquid (PFCL) over the posterior pole to flatten the
retina posterior to the peripheral vitreous. It is
important that posterior vitreous and membranes be
removed prior to PFCL injection and that there be
no remaining posterior retinal traction. The PFCL
should not extend over retinal breaks still under trac-
tion because of the risk of the PFCL going beneath
the retina. The PFCL should not extend so far ante-
riorly so as to flatten the peripheral vitreous against
the retina. Vitreous should be cut as far pegipherally
as safety permits. In most cases of retinal detach-

ment, scleral depression  (usually by an assistant
with a scleral depressor or with a cotton-tipped
applicator) should be performed during cutting to

improve visibility and access to the peripheral vitre-
ous. During scleral depression there is risk of inad-
vertent retinal damage by the instruments. During
initial placement of the external scleral depressor,
the internal instruments should be kept well clear of
the area of depression.  Once the depressor is in
place, the assistant should not change the position of
the scleral depressor until the surgeon requests a
change and moves the internal insttuments out of the
way. At the central area of depression the retina is
pushed inwardly toward the vitreous, so it is often
safest to cut at the margin of the area of depression.
A contact or noncoruact wide-angle viewing system
reduces the need for scleral depression duting exci-
sion of the peripheral vitreous.

In some cases of rhegrnatogenous
ment, diabetic  retinopathy,
injury, retained intraocular ~foreign body, uveitis, or
epiretinal membrane, the posterior cortical vitreous
may not be separated from the retina. In most cases
it is best to surgically separate the vitreous, which,
if left in contact with the retina, may act as a scaf-
fold for proliferation of scar tissue. In addition, it is
necessary to separate the posterior cortical vitreous
from the retina in cases of macular hole. Sometimes
as the formed central vitreous is cut, the posterior
hyaloid will spontaneously separate from the retina.
In most cases, however, it is necessary to separate
the posterior hyaloid mechanically. If the vitreous
is clear, it is sometimes difficult. to determine if the
hyaloid is separated. As the posterior cottical vitre-

retinal detach-
penetrating  ocular
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ous is cut, one can often see traction causing move-
ment of the retina beneath the vitreous being cut. If

the vitreous is densely opaque, visualization of the
vitreoretinal ~ junction may be difficult. . By "shav-
ing" the vitreous in layers with low suction and

approaching the retina over the optic nerve area, the
junction can usually be visualized safely. By
approaching over the optic nerve, there is less risk
of engaging a detached retina.

The vitreous can be separated from the retina by
one of two methods. We first apply suction to the cor"
tical vitreous over the optic nerve head border (Fig-
ure 8-14). It is best to begin the maneuver before the
core (central) vitrectorny is complete, because at that
stage the vitreous is easier to engage. By gradually
increasing suction with a silicone-tip needle. anterior
to the edge of the optic nerve head, the posterior cor-
tical vitreous can usually he elevated. The vitrcciomy
insttument can be used in a similar manner (with suc-
tion only) facing the open port posteriorly. Higher lev-
els of suction are frequently required (up to 200 mm
Hg). Once the vitreous is elevated from the optic disc.
fluid will go into the subhyaloid space through the
opening over the optic nerve head to create. in effect,
a rhcgrnatogenous  separation  of the vitreous. A mem-
brane pick can then be used to help separate the vitre-
ous our 10 the retinal periphery (Figure 8-15). In the
rare event that the posterior conical vitreous will not

Figure 8-14.
cone-tip needle engages posterior vitreous cortex and
causes torsion of needle lip.

"Fish-strike ~ign" as aspiration through sili-
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A

B

Figure 8-15. A, B, Lifting and separating posterior hyaloid with pick placed through epipapillary = opening.

separate with suction, a sharpi membrane pick can be
used to separate the hyaloid (Figure 8-16). A sharp
but short-tipped pick is best and we have found the
MVR blade useful.. We create a short barb of the tip
by pushing it against a ftut metal surface while-
observing the tip with the operating microscope. By

scratching the surface of the hyaloid at the optic nerve
head edge, we engage the hyaloid and lift it away
from the retina. The hyaloid then separates in a m3ll-
ner similar to that described with the suction tech-
nique. If the retina is detached. it is best to fixate the
retina gently with a second instrument (i.e.. the light

Figure 8-16. Separation of posterior hyaloid with sharp' pick. Vitreous engaged at edge of optic disc.




probe- or an illuminated spatula) as the hyaloid is sep-
arated. As the hyaloid is stripped to the periphery, the
surgeon should constantly assess whether there is
excess Vvitreoretinal ~traction (which might lead to reti-
nal tearing or hemorrhage). If the vitreous will not
separate from a firm vitreoretinal adhesion, the vitre-
ous should be separated and cigcumcised around the
adhesion. Figure 8-17 shows the vitreous being cut
with the vitreous cutler around a point of adhesion to
relieve the traction.

Termination of the Procedure

When the instruments are removed from the eye,
the infusion should be turned off to prevent incar-
ceration of vitreous and retina in the wound. Scleral
plugs should be placed in the sclerotomy sites, and
the intraocular pressure restored to norrnal with the
infusion.

The eye should be examined with the indirect
ophthalmoscope  to determine whether adequate vit-
reous was removed and to look for complications.
The peripheral retina should be examined with
scleral depression 10 search for dialyses or tears at the
vitreous base and posterior to the instrument sites.

With the infusion off. one plug is removed. and
incarcerated  vitreous is removed with the vitreous
cutting instrument, using low suction. Remaining vit-
reous is engaged with adry cellulose sponge and cut
withi scissors at the lips of the wound. When all gross

Figure 8-17. Circumcision of vitreous around focal vitreoretinal
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viteeous has been removed from the wound, the scle-
rotomy is closed with a figure-of-eight  7-0 suture.
The remaining sclerotomy sites are closed in a simi-
lar manner. The pressure is adjusted if necessary with
BSS injected through the limbus in the aphakic eye
or through the pars plana in the phakic eye. The
conjunctiva is closed with 6-0 plain gut or 7-0 Vicryl
sutures.

Lensectomy

Lenscctorny  is performed  if lens opacification — will
prevent adequate visualization  during vitrcciomy.
Rarely, the lens may opacify_ during surgery and
require a lcnseciomy. A clear lens may be removed
during surgery for certain complicated retinal
detachments ~ (such as caxcx requiring —mcrnbrune
dissection in the vicinity of the vitreous base). The
lens is removed most easi ly at the beginning of the
procedure. so the decision for lenscciorny should be
made preoperatively  if possible. Posterior subcap-
sular opacities interfere the most with visualization.
Adequate visualization is possible through moder-
ate nuclear sclerosis and con ical op.nitics.

The hardness of the nucleus is graded prcoper:.J-
tively, Nuclear sclerosis is graded on a 0-4+ scale.
A 4+ nuclear sclerotic lens is very hard. frequently
brunesceru, and the lens is prominently  seen in
retroillumination. \Ve remove lenses with up to
3+ nuclear sclerosis  with pars plana ultrasound

adhesion.




8~ MANUAL OF RETINAL SURGERY

fragmentation, and those with 4+ nuelear selerosis
arc removed by limbal extraction.

If lirnbal extraction is necessary, we pekform an
extracapsular . extraction of the nueleus. We elose
the lirnbal wound with interrupted 10-0 ny\on
sutures and then remove the remainder of the lens
cortex and capsule during the pars plana vitrectorny.

For pars plana ultrasound fragmentation,  after
the infusion port has been sutured in place, the tem-
poral sclerotomy is made as usual.. directed toward
the center of the vitreous cavity. Then the MVR
blade is redirected through the equator of the lens
into the nucleus. The sharp MVR blade will easily
cut into a moderately hard nucleus.
tially dislocate a very hard nucleus.
ment should be carefully
hardness. The ultrasound
lens through the sclerotomy

After the nasal sclerotomy is made, we place a
20-gauge infusion needle through the nasal equator
of the lens. We bend the needle. approximately 30
degrees. 5-7 rnrn from the tip because the bend per-

but may par-

Nuclear move-

observed  to judge

needle. is placed into the
site.

mits better access across the patient's nose. We tem-
porarjly interrupt the pars plana infusion by elamp-
ing the infusion tubing and attach the infusion to the
20-gauge needle. We tum on the infusion in the cen-
ter of the \el\~a.nd begin ultrasound fragmentation of
the nucleus with the infusion needle- near but not
touching the ultrasound needle (Figure 8-18A).

It is important to initiate a flow of fluid through
the ultrasound needle. at the beginning of the lensec-
torny so that nuclear material does not obstruct the
tip. Ultrasound is applied in short bursts so as not to
generate heat with prolonged activation. The nueleus
is removed inside out.. preserving the cortex until the
end. to help fixate the nucleus. Anterior, posterior,
and peripheral nucleus are progressively  removed
with intermittent simultaneous ultrasound fragmen-
tation and suction. After the nucleus is removed. the
cortex can be aspirated with the ultrasound needle-
without ultrasound  energy (Figure 8-18B). The
peripheral cortex is stripped from behind the iris by
engaging and gently pulling cortex toward the cen-
ter of the pupil with simultaneous suction. If the ante-

Fil-:ure 11-11\.Pars planu lcnscctomy. A, Ultrasound fr~gmenlation of nucleus of lens from inside-out.
stripping of residual lens cortex.

B, Aspiration and




rior capsule remains intact, there is little danger of
engaging iris. Nevertheless, the insttument tip should
not be pointed directly at the iris.

We usually remove the whole lens capsule in the
following manner.. We remove the central portion of
the anterior capsule, leaving a rim of capsule. seen
through the pupil.. We then place a vitreoretinal for-
cep in one of the sclerotomies and grasp the edge of
the remaining anterior capsule and pull it centrally to
expose the peripheral lens capsule and the zonules.
We then cut the zonules with the automated scissors
(MPC, Aleon, Fort. Worth). It is possible (o section
all of the zonules with the scissors and remove the
remaining capsule. although it is usually necessary
to change sclerotomy sites with the instruments to
access all of the zonules.

Alternatively. the anterior capsule can be left in
place to support a posterior chamber intraocular lens.
A central 5 mm opening is usually made in the ante-
rior capsule to improve SUbsequent visualization dur-
ing the remainder of the vitrectorny procedure. If
during lIcnsectorny the posterior capsule is prema-
turely broken, there is risk of posterior dislocation of
lens material, Lens nucleus or cortex will usually rest
on the intact vitreous and can be engaged and frag-
mented. The infusion needle can be used to support
loose fragments, but the two needles should not
touch because metallic fragments may be released. If

Uirasound

A
Figure 8-19. Ultrasound fragmentation

Abrams GW, Werner JC. Managernent of complicated
ples and Practice. Vol. I. Malden, MA: Blackwell Science;
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a lens fragment falls posteriorly, we remove anterior
lens material as described above with the ultrasound

needle, the vitrectomy instrument, or both. We then
pesform a vitreciomy with the vitrectorny instrument. .
Following vitrcctorny, we once more place the ultra-
sound needle in the eye, and remove the posterior

lens material with posterior ultrasound fragmenta-

tion. Figure 8-19A shows the posterior lens fragment
engaged with suction from the ultrasound fragmen-
tation needle. The ultrasound is activated after the
fragment is taken to the midvitreous cavity. Soft
nuclei mold 10 enter the tip of the needle, but harder
nuclei fracture into smaller pieces. Each fragment is
then removed individually. It is important that ultra-

sound not be activated near the retinal surface
because of the risk of retinal damage.

Additional ~ Techniques in Vitreous Surgery
Membrane  Peeling

In-lications

Membrane peeling is done to remove cpirerinal
membranes.  Epirerinal membranes may be idio-

pathic or may be associated with a variety of disor-
ders, including  proliferative vitreoretinopathy,

B

of posteriorly dislocated lens nucleus. A, Nucleus retrieved from retinal suiface
with suction without ultrasound. H, Nueleus fragmented with ultrasound in rnidvitreous
retinal detachment.
t999: 1306.

cavity. Adapted from Lewis JM.

In: Alben OM, ed. 0111/1/¢II1l;c  Surgery: Princiy
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proliferative ~ vascular. retinopathy,  uveitis, and The retina beneath the membrane is often
trauma. whitened by axoplasmic  stasis in the nerve fiber
layer.. This may resemble additional membranes,
Instrumentation but usually no further membrane is present. . Unless
further membrane clearly remains, attempts at fur-
Instruments used for membrane removal are picks  ther membrane stripping should be avoided. The
and forceps. Several varieties of sharp  or blunt retinal thickening and whitening  will resolve post-
picks or spatulas. are manufactured. Forceps are  operatively.
usually of the end-opening variety and several are Epiretinal Membranes with Retinal Detachment,
available (see Figure 8-5). Epiretinal membranes associated with proliferative
vitreoretinopathy =~ may be widespread. Membranes
Surgical Technique are often associated with fixed folds. star folds. and
marked wrinkling and contraction. Membranes may
Epiretinal Membrane edth Attached Retina. Most not be readi ly seen but should be expected in the
epiretinal  membranes removed in the presence of center of a star fold or at the anterior extent of J
an attached retina involve the macula. The retina fixed radial fold. The only sign of some membranes
beneath the membrane is usually folded. There is is a graying of the retinal surface. Abrupt disap-
sometimes  a thickened. elevated. or rolled edge to pearance of a retinal vessel often indicates a fold
the membrane but the edge may be nat and difficult obscured by an epiretinul  membrane.  Immature
to see. In most cases the edge of the membrane is membranes may be composed of a sheet of con-
engaged with a pick and elevated (Figure 8-20A). tractile proliferative  cells. with little. collagenous
"Ve use a sharp. barb-like pick that we create under  matrix, while mature membranes contain an abun-
the microscope by bending the tip of the 20-gauge dant collagenous matrix. Mature membranes do not
ivIVR blade again.~t the flat handle of another tear as easily as immature membranes and are more
instrument. There are also commercially available. easily stripped free.
sharp membrane picks. We engage the edge of the We usually begin membrane stripping posteri-
membrane and elevate it with a stripping motion. orly at the optic nerve head and progress anteriorly.
Sometimes  the membrane will strip free with the  The posterior retina is thicker than the anterior
pick. but usually it must be grasped with vitreoreti- retina and is fixed at the optic nerve; therefore.
nal forceps (Figure 8-208). A fine, end-grabbing membrane peeling posteriorly to anteriorly is both
forceps is best for this task because the membrane safer and easier.

and retina arc not obscured by the forceps and can Using 1 3D-degree fiberoptic illuminated pick. we
be easily visualized as the membrane is grasped. elevate the edge of the membrane (Figure 8-21 A).

Figure S-1O. Epiretinal membrane rernoval-s-attuchcd  retina. A, Membrane edge lifted with membrane pick. B, Membrane
grasped and removed with vitreous forcep. Traction force parallel with retinal surface. Adapted from Lewis JM. Abrams
GW, Werner JC. Management of complicated retinal detachment. . In: Albert DM, cd. Ophthalmic Surgery: Principles and
Prurtice,, Vol. |. Malden. MA: Blackwell Science; 1999:1307.




We then grasp the membrane with forceps. We rec-
ommend a bimanual technique be used for mem-
brane removal. . With the membrane under tension by
the forceps, we use the illuminated pick to hold the
retina back during stripping (Figure 8-21 B) or, alter-
natively, as a spatula to help free the membrane

from the retina. It is useful to run the illuminated

pick or barbed MVR blade within retinal folds (Fig-

ure 8-22A) in order to locate membranes. At a star
fold, we often engage the membrane in the center by
running the illuminated  piek radially in a fold

toward the center of the star fold (Figure 8-22B). It
is important to monitor the surrounding

retina when
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stripping a membrane  because large breaks can
occur in a retina under traction. The risk of retinal
tearing is reduced by using a bimanual technique, in

which the retina is held back with another instru-
ment such as the fiberoptic illuminated pick or
spatula during membrane peeling. Thin or tight

membranes are sometimes difficult, to engage with
a blunt pick. These can often be engaged with the
short, sharp: pick produced by barbing the tip of the
MVR blade. We do not use the barbed MVR blade
for routine membrane peeling because the sharp.
blade increases the risk of internal limiting mem-
brane damage or tearing of the retina.

Figure 8-21., Epircrinal membrane

lifted with illuminated pick. B. Membrane gra~ped and removed with vitreous forcep. Retinal countertraction
removal.

nated pick during membrane

A

Figure 8-22.

Membrane
engaged with pick in center of "star fold."

rernoval-e--detached retina, A, Large membrane bridges retinal fold. Membrane edge

with illumi-

removal-PVR. A, Membrane engaged in retinal fold with illuminated pick. B, Membrane
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Peripheral
reoretinal

Membrane Removal. Peripheral vit-
membranes are found most commonly in
proliferative  vitreoretinopathy ~ or following ocular
trauma. but are sometimes found associated with
proliferative  vascular - retinopathies. Most peripheral
membranes  are associated with the vitreous base
area. The most severe forms of anterior prolifera-
tive vitreoretinopathy  are found following previous
vitreous surgery. There are two major forms of ante-
rior PYR: circumferential contraction  caused by
contraction of membranes formed on the peripheral
retina. usually at the posterior edge of the vitreous
base; and anterjor retinal displacement, once called
"anterior loop contraction." This latter form: of PYR
is caused by fibrous proliferation on the surface of
the vitreous base with contraction that leads to trac-
tion retinal detachment and anterior displagement

of the peripheral retina. Figure 8-23A shows an eye
with proliferative  vitreoretinopathy ~ with prolifera-
tion of cells on remaining peripheral vitreous fol-
lowing vitrectomy. Following contraction  of the
vitreous base, the anterior retina is pulled forward
toward the pars plana (Figure 8-23B), the ciliary
body. or even the posterior iris surface. Anterior
fibrovascular  proliferation can be found following
diabetic vitrectorny with either fibrous proliferation

and contraction  from a sclerotomy
t'ibrovascular  proliferation from
retina called "anterior hyaloidal
liferation."  While. anterior

site or severe
the peripheral
fibrovascular= pro-
proliferative ~membranes

A

Figure 8-23. A, Disbursement

of cells onto retina and vitreous base. B, Anterior retinal displacement.
ing vitreous base pulls anterior retina toward pars plana.

in diabetic retinopathy tend to be more vasculas the
appearance of the peripheral retina is similar to that
found in anterior retinal displacement. .

Surgical Technique

Surgical dissection
sitates removal

in the vitreous base area neces-
of the lens. It is recommended that
the lens capsule, which may become involved in
anterjor  fibrous  proliferation, be completely

removed (as mentioned above). Scleral depression

is used to allow visualization of the vitreous base.
Wide iris dilatation is helpful.  Iris retractors may be
useful if the pupil is miotic. Coaxial illumination is
used for the anterior portion of the dissection. While
depressing the anterior vitreous into view, the vir-
rectomy instrument is used to remove any remain-
ing formed vitreous (Figure 8-2'+).

Circumferential ~ contraction becomes apparent as
membranes are peeled from posteriorly to anteri-
otly. There are usually diffuse membranes and vit-
reous is often adherent to these membranes,
especially  throughout the inferior 180 degrees of
the retina. The vitreous and the membranes should
be stripped anteriorly to the vitreous base. Once the
membranes  have been stripped anteriorly and
removed if possible, the vitreous is excised to the
retinal surface at the vitreous base with the vitreous
cutter utilizing scleral depression.

Membrane bridg-




Figure S-2-t Removal of vitreous at vitreous base while
depressing  the ..clcru.

Anterior retinal displacement may only be apparent
by a gray membrane that covers the tightly contracted
vitreous basco The anterior retina is often pulled for-
ward but m~Iybe obscured. There are two components
to the anterior retinal displacement. and each must be
deall with. Circumferential sectioning of a membrane
that covers the vitreous base is necessary to relieve an
anterior-posterior (AP) component that pulls the retina
anteriorly. A circumferential component of contraction
that pulls the retina centrally and causes radial folds

that extend posteriorly. must also be relieved.

The tight capsule-like membrane that overlies the
vitreous base is incised with the tip of a sharpi blade
such as the MVR blade. After an opening iscreated in
this membrane, vertically cutting scissors, such as tile

membrane peeler-cutter (MPC) scissors (Algon Lab-
oratories, Fort Worth) , are used to section tile mem-
brane anterior to tile anterior extent of tile retina in a
circumferential ~ direction (Figure 8-25). A bimanual
technique is often useful and a fiberoptic illuminated
pick or spatula can be used to retract the fibrous mem-
brane away from the vitreous base as it is cut. The
anterior retinal displacement is usually most promi-
nent in the inferior 180 degrees but can extend 360
degrees. There may be a "trough" created by the
membrane between the anterior and posterior edges
of the membrane (see Figure 8-25). Formed vitreous
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of tile vitreous base may be uncovered in the trough
after the membrane is opened and should be cut to the
surface of the peripheral retina and pars plana usi-ng
the vitreous cutting instrument. .

The circumferential  component of anterior reti-
nal displacement is released by either excising the
membrane on the surface of the vitreous base using
bimanual dissection or making multiple radial cuts
in the membrane. When using coaxial illumination,
it is possible to use both forceps and scissors in a
bimanual dissection technique. For endoillurnina-
tion during bimanual dissection, the fibcroptic illu- .
minared  pick or spatula. is useful. . Fiberoptic
illuminated  forceps and scissors have been intro-
duced, but have not been universally  adopted
because of their expense and limited availability.
These illuminated instruments are helpful during
bimanual dissection of the vitreous base.

Treatment of Retinal Breaks
and Retinal Detachment

Retinal  breaks
surgery or may occur

may be present prior to vitreous
as a result of membrane

Figure 8-25. Treatment of anterior retinal displagement by
section of membrane overlying vitreous base,
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removal techniques. Retinal detachment in associa-

tion with the retinal breaks is usually treated with a
combination  of internal (vitrectomy) and external

(scleral buckling) technigques. It is necessary to relieve
all traction from the retinal breaks. It is best to remove
remajning membranes by membrane peeling or exci-
sion, but sectioning of the membranes is sometimes

adequate. The retinal breaks are marked with endo-
diathermy. The endodiathermy  will whiten the edges
of the break and will allow easy identification fol-
lowing fluid-air exchange. Subretinal fluid may be
drained internally during fluid-air exchange th¥ough
a posterior retinal break if present.. A continuous infu-
sion air pump is used duking fluid-air exchange. The
air pump is attached to the infusion port. A silicone-
tip suction needle is used to remove the intraocular -
fluid. For visualization, a -98.00-diopter  biconcave

contact lens is used in the phakic eye and the
planoconcave contact lens is used in the aphakic eye.
Alternatively, a wide-angle viewing system can be
used during the exchange providing a superior view.
During the initial portion of the fluid-air exchange,

the eye is positioned so that the posterior drainage

break is easily seen. It is often best to aspirate some
anterior fluid and till the anterior vitreous cavity with
air. This gives a minified view of the fundus and it is
necessary to refocus the microscope and increase the
magnification. The drainage needle. tip is then placed
just anterior to or through the retinal break, and suc-
tion is applied (Figure 8-26). As the eye fills with air,
J meniscus can be seen between the fluid posteriorly

and the air anteriorly. When the fluid meniscus is pos-
terior near the area of the retinal break, it is often best
to use a "dripping” technique to remove the fluid. The
drainage needle tip is placed over the drainage retinot-
amy and a bright reflex appears as the tip enters the
fluid meniscus. The suction is applied until the fluid
level drops below the needle tip and the reflex disap-
.pears. By continuing to "dip" over and into the break,
the retina is completely flattened and as the needle tip
enters the break, all of the subretinal fluid is removed

without danger of the needle tip contacting the pig-
ment epithelium and choroid. It is necessary to con-
tinue dipping over the retinotomy and the optic nerve
for several minutes because fluid tends to continue to
accumulate posteriorly for a short period of time. If a
posterior bregk is not present, subretinal fluid can be
drained through a more anterior retinal break using
the cannulated extrusion instrument. . PFCL over the
posterior pole can be useful during this maneuver. -

After the retina is completely flattened and all fluid
has been removed, laser endophotocoagulation is

applied to surround any retinal breaks (Figure 8-27).

Figure 11.26. Fluid-air exchange. Aspiration of subretinal
fluid through posterior break while. air is xirnultaneousl y
insufflated into the eye.

Figure 8-27. Endoluser photocoagulation of posterior reti-
nal break in air-filled eye. Adapted from Lewis JM.
Abrams GW, Wemer le. Management of complicated reti-
nal detachment. In: Albert DM. ed, Ophthalmic Surgery:
Principles and Techniques. Vol. I. Malden, MA, Blackwell
Science; 1999:542.




Perfluorocarbon  Liquids

If a posterior break is not available. and it is necessary
to reattach the retina completely, we now rarely create
a posterior retinotomy. In most instances, if a poste-
rior break is not present for drainage of subretinal
fluid. pekfluorocarbon  liquid (PFCL) is used to reat-
tach the retina,, PFCL is a synthetic liquid that is heav-
ier thani water' or saline and will displace subretinal
fluid anteriorly and reattach the retina from posteri-
orly to anteriorly. Perfluorocarbon liquid can be
injected over the posterior pole after posterior mem-
branes have been removed 10 flatten and stabilize the
posterior retina. The heavy liquid flattening of the
posterior retina makes midperipheral and far periph-

eral membrane peeling easier by reducing the mobil-

Figure 8-28. Perlluorocarbon
eral membrane

is stripped. B, Retina reattached with PFCL.. Subretinal
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ity of the retina during membrane peeling (Figure
8-28A). As the retina is reattached with PFCL, fluid
will egress through anterior retinal breaks into the vit-
reous cavity and allow near complete reattachment of
the retina if the vitreous cavity is filled with PFCL
(Figure 8-28B). The PFCL should never be directed
toward a retinal break during injection because the
PFCL stream will go into the subretinal space through
the break. IfPFCL is to be used, it is important that all
traction be released before the level of PFCL is
extended over a retinal break, otherwise the PFCL,
which has a low interfacial surface tension, willl go
through the break into the subretinal space. However,
once traction is relieved from the retina, it is safe to
extend the PFCL level anterior to a retinal break (Fig-
ure 8-28C). Once the retina is attached, the PFCL can

liquid (PFCL) in treatment of PVR. A, PFCL holds posterior retina in place as midperiph-

fluid forced through retinal break into vitreous

cavity. C, Retina completelyl reattached with PFCL., Scleral buckle in place.
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be removed by a PFCL-air
aspirated with a silicone-tip
eye is simultaneously filled with air. If anterior
subretinal fluid remains before PFCL-air. exchange,
it is desirable to aspirate subretinal fluid duting the
early portion of the exchange through an anterior
retinal break so no subretinal fluid is forced poste-
riorly into the posterior pole by the air. While
perfluoro-n-octane, the most commonly  used
PFCL has a high vapor pressure and will evaporate
in air at body temperature. other commonly used
PFCLs do not evaporate. Therefore, it is necessary
to place a small amount of BSS over the posterior
pole. following PFCL-air exchange to cause coales-
cence of any remaining PFCL into bubbles that can
be seen and aspirated. Because larger amounts of
perfluoro-n-octane may not evaporate. we recom-
mend flushing the posterior  retina with BSS
following use of any PFCL.. Perfluorocarbon lig-
uids are also useful for management of giant retinal
tears and retinotornies  (see following  sections
"Relaxing  Retinorornies  and Retinectornies”  and
"Giant Retinal Tears").

exchange. The PFCL is
suction needle as the

Scleral Buckling

A scleral buckle is only necessary in the presence
of persistent or potential peripheral traction fol-
lowing vitrectorny. A detailed discussion of scle-
ral buckling surgery is presented in Chapter 7. A
scleral buckle.. is placed in most cases of prolifer-
ative vitreoretinopathy where there is often at
least mild peripheral traction remaining and in
many other cases of rhegmatogenous retinal
detachment  or giant retinal breaks. The sutuwes for
the scleral buckle are most easily placed at the
beginning  of the case before starting the vitrec-
tomy procedure. We prefer an encircing 4.0-mm
diameter band (42 band) for most retinal detach-
ments at vitrectorny that require a seleral buckle.
Occasionally, if the vitreous base  extends
extremely  posteriorly, we use a broader element
such as a 7-rnrn diameter tire. If traction can be
adequately  relieved with vitrectomy, radial sele-
ral buckling elements are usually not placed to
support  posterior retinal breaks. If it is not possi-
ble to relieve traction adequately, posterior radial
buckles associated with an encircling element can

be used to relieve posterior traction.

Relaxing Retinotomies and Retinectomies
Indications
Relaxing retinotomies and retinectomies  (in which
the retina is cut or excised) are used in the presence
of shortening of the retina due to retinal incarcera-

tion or fibrous proliferation and contraction  that
prevents contact of the retina with the retinal pig-
ment epithelium. Less significant. . usually periph-
eral, retina is cut or removed to preserve function
of posterior, more visually significant  retina. A
retinotomy is the act of cutting the retina to relax a
shortened retina. A retinectomy is the actual exci-
sion of retina and associated proliferative =~ mem-
branes. Relaxing retinotomies and retinectomies

should be performed only if other methods have
failed or have no chance of success. Several ground
rules are necessary in surgery utilizing relaxing

retinotornies  or retinectomies.  The retiriotorny or
retinectorny should be performed late in the proce-
dure, following complete membrane removal. If the:
retina is cut or excised prior to complete membrane

removal, , further membrane removal will be more
difficult and may result in larger than necessary

retinal defects or residual membranes that will lead
to redetachmem of the retina. As a general rule. a
relaxing retinotomy (in which the retina is cut. but
not excised) is made if the retina remains shortened

after complete membrane removal; retinectorny (to
excise membranes and involved retina) is per-
formed if membranes remain and traction cannot be:
relieved by a scleral buckle. Larger peripheral

retinotomies are less functionally significant than
smaller posterior retinotomies. ~ Although a larger
peripheral  retinotomy may be more difficult to
manage, the greater preservation of retinal function
is usually worthwhile.  Circumferential relaxing

retinotomies  are usually preferred over radial
retinotornies. In the face of circumferential  traction,
a radial retinotomy that adequately relieves traction
may extend too far posteriorly into tentral retina.

Surgical Method

In most cases, the area of retinotorny
terior to the area of shortened,

is made pos-
contracted  retina
is applied to the
is applied along
in retina is usually

(Figure 8-29A). Heavy diathermy
retinal vessels; and light diathermy:
the area to be cut.. The incision




made with scissors (Figure 8-29A). To insure that
no traction remains at the margins of the retinot-
orny, the retinotorny should be extended beyond the
area of contraction into noncontracted  retina on
each end of the retinotomy. Figure 8-298 shows
extension of the retinotomy anteriorly obliquely at
each end of the retinotomy with excision (retinec-
torny) of the anterior contracted retina.

Retinectorny is usually done when membranes
cannot be adequately removed from extremely con-
tracted retina. Figure 8-30A shows contracted retina
between two large retinal breaks. A retinectomy

Figure 8-29. Relaxing rerinororny, A, Diathermy applied
to peripheral retina on posterior edge of contracted retina.
Blood vessels occluded with diathermy prior 10 rctinororny,
B, Rctinotomy_ followed by excision of scarred retina ante-
rior to retinotomy, Retinotorny extended into normal reiina
beyond area of contracted retina.
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should only be done if the retina cannot be re-
attached by other methods. To perform a retincc-
torny, diathermy is applied to the area of contracted
retina  and extended just into normal retina
surrounding the area of contraction. Excision is usu-
ally done with the vitrectomy cutting instrument. _
Figure 8-308 shows a large retinal defect but
traction is relieved and the retina is reattached.
There are several potentially serious complica-
tions of retinotornies and retinectornies. The major
complications  are hemorrhage. inability to unfold
and reattach the retina, hypotony. visual field loss,

Figure 8-30. A, Superior retinal breaks within area of
contracted retina. B, Rerinecromy of focally contracted
retina. Laser treatment of edges of retinotomy. Adapted
from Lewis JM, Abrams GW, Werner J'C, Management of
complicated retinal detachment. . In: Albert OM, ed. Oph-
thalmic Surgery: Principles and Techniques. Vol, I.
Malden. MA. Blackwell Science; 1999:547.
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recurrent  fibrous proliferation  from the retinotomy
site, and persistent traction leading to retinal detach-
ment when the retinotomy is too small. While care-
ful planning and technique will prevent some of the
complications,  the potential seriousness of the com-

plications  means that relaxing retinotorny and
retinectomy  techniques should be used only if other
techniques are unsuccessful. -

Once the retinotorny is made, the retina may fold
posterjorly like a giant retinal tear. It is best to make
the retinotomy  with the posterior retina held in
place by PFCL, with the retinal incision anterior to
the level of the PFCL., Once all traction is relieved
and hemostasis is achieved, more PFCL is injected
until the level of the PFCL is anterior to the margin
of the retinotomy. We usually do laser treatment
with PFCL in the eye, then remove the PFCL with a
PFCL-air exchange. There is a risk of slippage of
the edge of the retinotomy posteriorly during the
PFCL-air exchange. In order to prevent slippage, it
is important to "dry" the edge of the retinotomy
before proceeding with the PFCL-air exchange. We
dry the edge by holding the soft silicone tip of the

backflush ~ brush just anterior to the edge of the
ret inotorny - in the initial portion of the PFCL-air
exchange. This allows removal of fluid that may

collect beneath the edge. If not removed. this fluid
can be pushed posteriorly. by the air and force the
edge of the retina posteriorly, creating folds poste-
rior to the edge of the retinotomy. Alternatively, a
PFCL-silicone  oil exchange can be done instead of
a PFCL-air exchange. There is less risk of slippage
of the flap with the PFCL-silicone oil exchange.

Intraocular ~ Gases

Intraocular  gases are used in vitreous surgery to
.tamponade retinal breaks. In eyes without signifi-
cant retinal traction, air. which only persists in the
eye for a few days. is useful.. In eyes with tractional
complications,  gases that persist in the eye longer
than air are useful for a prolonged retinal tampon-
ade. The longer-acting gases are useful for tWOpur-
poses: (l) to tamponade retinal breaks until an
adhesion forms between the retina and the retinal
pigment epithelium, and (2) to provide "retinal tam-
ponade." in which the retina is held in place against
the retinal pigment epithelium  until widespread
laser photocoagulation  adhesions form. The latter

indication has found widespread application with
the use of long-acting gases in the treatment of pro-
liferative vitreoretinopathy.  In eyes with prolifera-
tive vitreoretinopathy.  there is often minor retinal
traction remaining following removal of epiretinal
membranes.  Sometimes  a long-acting gas bubble
can overcome minor residual epiretinal traction
until the retina becomes permanently adherent to
the underlying tissue following photocoagulation.

Besides gif; the major gases used are sulfur hexa-
fluoride (SFG) and perfluoropropane  (PFP or CsFy).
An effective gas bubble is one that fills at least 50%
of the vitreous cavity, which will. maintain tampon-
ade of the inferior retina when the patient is in the
prone position. An eye filled with air will maintain
an effective gas fill for only a few days. An eye
filled with SF6 will maintain an effective tampon-
ade for approximately 7-10 days. An eye filled with
CQ’Fg gas will maintain an effective tamponade for
at least 3 weeks or more.

Longer-acting gases have in common a high
molecular  weight, low diffusion coefficient, and
low water solubility. When these gases are injected
in a pure form into the vitreous cavity, they will
expand due to the infusion of nitrogen and other
blood gases into the gas pocket. - A pure SF. gas
bubble injected into the vitreous cavity will expand
approximately 2.5 times its injection volume. A
pure Cng gas bubble will expand approximately 4
times its injected volume. Both gases expand at
approximately  the same rate. There is risk of ocu-
lar hypertension and vascular ocelusion when pure
gases are used during vitreous surgery. Because of
the risk of ocular hypertension.  we prefer to use
"nonexpansile”  gases at surgery. For use in vitreous
surgery, 20% SF6 and 14% PFP are essentially non-
expansile and safe.

Intraocular gases are injected at the end of the
procedure following reattachment of the retina with
a fluid-air exchange. We inject the gas by the
method of air-gas exchange. At the completion of
the procedure. the two instrument ‘~clerotomy sites
are completely closed. Approximately 40 cc of the
selected gas mixture are flushed through the air-
filled eye through the infusion port and vented by a
27-gauge needle inserted through the pars plana
into the vitreous cavity. The needle is attached to a
tuberculin  syringe from which the plunger has been
removed to form a "chimney" to allow the egress
of the flushed gas. The eye may need to be




reformed with the gas mixture to a normal intraoc-
ular pressure following removal of the infusion port
and closure of the last sclerotomy site.

The major risk of the use of intraocular. gas is
ocular hypertension. By using a nonexpansile con-
centration of the gas, the risk of ocular: hypertension
is markedly decreased. Intraocular  pressure and
light perception can be checked 2-4 hours after
surgery since the intraocular pressure of an expan-
sile bubble tends to peak at approximately this time.
We give topical ocular antihypertensive medica-
tions at the conclusion of surgery. Some surgeons
also use oral acetazolamide through the first post-
operative night.. Special attention is given to high
risk eyes, including eyes with pre-existing glau-
coma. hyperopic eyes, eyes with scleral buckle, and
eyes with extensive laser panretinal photocoagula-
tion at surgery. It is important to position the patient
prone or on one side to prevent pupillary block by
the gas bubble. There is risk of cataract formation
if the gas bubble stays in prolonged contact with the
lens of the phakic eye.

Silicone Oil

Silicone oil is useful in the treatment of prolifera-
tive vitrcorctinopathy, giant retinal tears, some eyes
of diabetics with complicated retinal detachments

or with severe anterior segment neovascularization.

The silicone study showed no significant difference
between C.Fy gas and silicone oil in management

of eyes with PVR. Eyes managed with gas had a
slightly higher retinal reattachment rate than eyes
managed with oil in eyes that had not had a previ-
ous vitrectorny (group 1eyes). However there was
no difference in the percent of eyes with visual
acuity of 5/200 or better and there was no differ-
ence in either retinal reattachment rate or visual
acuity in eyes that had had a previous vitrectomy

with gas (group 2 eyes). Hypotony, IOP 55 mm Hg
was more common in gas eyes than oil eyes,
whether the retina was attached or not and whether
the eye had had a previous vitrectomy with gas or
not. Eyes with large retinotomies did better with oil
than gas. Longer tamponade provided by C,F; gas
or silicone oil was preferable to the shorter tam-
ponade provided by SF, gas. Silicone oil was
removed from most eyes with attached retinas.nor-
mal intraocular pressures, clear corneas, and better
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visual acuities. Conversely, silicone oil was less
commonly removed from eyes with detached reti-
nas, poorer visual acuities, corneal abnormalities,
and hypotony. Eyes managed with silicone oil that
had the silicone oil removed had better outcomes
than eyes with oil retained or eyes managed with
gas. Silicone oil is preferred over gas in patients
unable. to maintain a prone position after surgery
and for patients that need to fly in an airplane or
travel to a higher altitude. Gas may be preferred in
eyes with residual hemorrhage, eyes without an-
adequate  iris diaphragm, and eyes with retinal
breaks on the posterior slope of very' high scleral
buckles. In the latter instance, because the silicone
oil bubble might not conform to the shape of the
high scleral buckle, the retinal breaks might not be
adequately  closed.

In diabetic retinopathy, silicone oil may be use-
ful in eyes with severe anterior segment neovascu-
lar complications, ineluding neovascular glaucoma
and anterior hyaloidal fibrovascular  proliferation.
High vascular endothelial growth factor levels have
been documented in the anterior chamber of eyes
with neovascularization ~ of the iris. The silicone oil
may block the circulation of such growth factors
into the anterior segment. In addition, oil may be
useful in some eyes of diabetics withi complicated
retinal detachments.  requiring extensive  retinot-
omies. These eyes are often very ischemic, so the
visual prognosis is poor, but such eyes can some-
times be stabilized with silicone oil.

Silicone oil may be helpful in eyes with giant
tears or giant rctinotomies. Most giant retinal tears
are repaired with vitrectorny and unfolding of the
flap of the giant tear with PFCL.. When the PFCL
is removed and exchanged for air, the edge of the
giant tear can "slip" (slide posteriorly), creating a
retinal fold posterior to the tear. This slippage is
produced by fluid collection behind the anterior
retina that may not be fully reattached by the PFCL..
As the air goes into the eye, it can force the fluid
posteriorly,  creating the slippage and the fold.
Directly exchanging the PFCL for silicone oil will
usually prevent slippage of the flap. Because the
buoyancy of the silicone oil is less than that of air,
there is less force applied to the retina as the sili-
cone oil is infused, and there is less tendency to
force subretinal fluid posteriorly. Silicone oil may
be advantageous if there is proliferation of mem-
branes that apply traction to the retina following
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giant tear repair.. The silicone oil tends to localize
recurrent  retinal detachment  due to proliferative

membranes and these eyes can sometimes be man-
aged with a relatively simple membrane peeling
procedure under silicone oil or after silicone oil
removal. Eyes managed with gas are more likely to
totally redetach if proliferative =~ membranes
especially if a retinal break is present.

Silicone oil is injected wusing one of two tech-
niques. In the most commonly wused technique, the
retina is reattached with a fluid-air exchange or,
alternatively,  with PFCL., We usually apply laser
treatment under PFCL or air, prior to silicone oil
infusion. If PFCI is used, the PFCI is exchanged
for air. The silicone oil is infused into the air-filled
eye. In this method, the silicone oil is pumped into
the eye to fill the vitreous cavity to the level of the
iris diaphragm. The anterior chamber is left filled
with fluid or air, The second method is by PFCL-
silicone oil exchange. As the silicone oil is pumped
into the eye with a silicone pump, the PFCI is pas-
sively evacuated with a fluted needle with back-
flush capability. Petfluorocarbon  liquid-silicone oil
exchange is more easily done with 1000-centistoke
silicone oil than with SOOO-centistoke silicone oil.
Any subretinal fluid beneath the peripheral retina
can be removed with a backflush brush held at any
anterior retina! breaks. The backflush capability of
the needle allows easy release of the retina. We
most commonly use PFCL-silicone  oil exchange
when there is a giant retinal tear or retinotorny more
than 270 degrees in circumference. ~ when there is a
risk of posterior slippage of the flap. This is also a
useful technique if a silicone 10l is present. - With
air or gas in the vitreous cavity. there is condensa-
tion on the posterior sukface of the silicone 10l that
obscures the view of the vitreous cavity. While the
view is better when silicone oil is used. the silicone
oil adheres to the [Ol and obscures the view if the
silicone oil is removed. The IOL must be removed
if the silicone oil is removed.

There are several potential complications of sili-
cone oil., The major complication is corneal dam-
age, which occurs when silicone oil is in contact
with the endothelium. Retrocorneal ~ membranes
form and band keratopathy is common. Corneal
contact by the silicone oil can be prevented in "the
aphakic eye by creating an inferior iridectomy.
When silicone oil remains in contact with the lens, a
feathery posterior subcapsular cataract is produced.

form,

With prolonged silicone oil-lens contact, a perma-
nent cataract will form; in all cases. Therefore, if sil-
icone oil is used in phakic eyes, it should be
removed as soon as possible (usually within 4=6
weeks).

Glaucoma can result. from emulsification  of the
silicone oil., Small bubbles can pass into the ante-
rior chamber and obstruct the trabecular ~meshwork.
Emulsification  is most commonly seen when there
is substantial movement of the silicone oil associ-
ated with a loose iris diaphragm. Emulsification is
probably also more common with mixed silicone
oils, of vagious molecular weights and densities. Use
of purified silicone oil reduces the incidence of this
complication. Emulsification is more common with
WOO-centistoke silicone oil than with the SOOO-cen-
tistoke variety. If emulsification is seen. the silicone
oil should probably be removed because of the risk
of glaucoma.

Proliferation  of fibrous tissue that is sometimes
seen with silicone oil is most commonly associated
with large retinotomies  or retinectornies  and is
accentuated by the presence of preretinal blood. If
recurrent membranes are seen following silicone oil
injection. the membranes should be removed and

the silicone oil evacuated from the eye. if possible.

Giant Retinal Tears

Giant retinal tears are retinal tears greater than 90
degrees in circumference. Giant retinal tears are
unique among retinal detachments because the flap
of the retina posterior to the giant tear may fold pos-
teriorly and may be difficult. to return to its normal
position. Giant tears are usually repaired surgically
with vitreous surgery. The goals of the surgery are
to reiieve retinal traction. unfold the flap of the
giant tear if necessary. and create a retinal adhesion
between the tom retina and the underlying retinal
pigment epithelium (RPE), usually with laser pho-
tocoagulation. It may be necessiiry to remove
epireti nal or subretinal membranes and place a
scleral buckle.

Surgical Technique
If PVR is present, we remove the crystalline lens,

even if clear. For giant tears without PVR, we usu-
ally retain the [ens if the tear is less than 180




but remove the lens in larger giant tears. If
is retained we usually place a sgleral

because there may be residual anterior vit-
with postoperative

if the lens is removed

degrees,
the lens
buckle,

reous that may be associated
anterior - traction. However,

and there is no significant PVR, it may be possible
to avoid a scleral buckle because it is possible to
remove mostof the anterjor vitreous, thus avoiding
anterior traction. We remove the vitreous gel and
carefully remove anterior vitreous. A wide-angle

viewing system is helpful for the anterior portion of
the vitrectorny, and scleral depression will help with
anterior vitreous removal. . If there is PVR present,

Figure 8-31.. Management

orly with PFCL.- This unfolds flap of gi.mt tear. B, After retina attached, fluid-air exchange.
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we then remove epiretinal
the posterior pole, progressing
remove posterior membranes, PFCL can be injected
to stabi lize the posterior retina as anterior mem-
branes are removed (Figure 8-28A). We usually
excise nonfunctional retina anterior to the giant tear,
and make sure all vitreous and membranes are
removed at the ends of the giant tear.. Following

removal of all membranes if present, the PFCL can
be injected to unfold and flatten the flap of the giant
tear (Figure 8-31 A). If the flap is mobile. the PFCL
can be injected until the level is anterior to the level
of the tear (Figure 8-31 B). If the edge is folded,

membranes  starting at
<Interiorly. After we

of giant retinal lear or rctinoiorny with PFCL.. A, Retina reattached from posteriorly to anteri-

"Drying" edge of giant tear by

aspirating fluid frum beneath anterior edge of tear will prevent posterior slippage of flap of tear. C, Continuation of fluid-

air exchange without posterior slippage of edge of tear. Adapted from Abram' GW, Gentile RC. Vitrectorny,
Yannuzzi LA, Chang S, Shields JA, Green WR, eds. Rt'lina-Virrcous-MaCltla.

1999: 1309.

In: Guyer DR,

Vol. 2, Philadelphia: W,B. Saunders:




98 MANUAL OF RETINAL SURGERY

PFCL should remain posterior to the folded edge of
the retina. The anterior folds can wusually be
unfolded with the illuminated pick and forceps.
However, in the event that the edge is so folded and
fixed that it cannot be completely freed, the folded
edge should be excised with the vitreous cutter.. We
apply endodiathermy . to the area to be excised to
prevent bleeding. After the edge is attached with
PFCL, we apply two or three rows of laser
endophotocoagulation to the edge of the tear.. We
also treat the untorn anterior retina with two or three
rows of laser in a scatter pattern. A scleral buckle is
more likely needed for smaller giant tears than
larger tears. The scleral buckle is used to support
the ends of the giant tear and the untorn retina. If
there is no PVR and a lensectomy has been done, it
may be possible to remove enough vitreous to
release all traction on the retina. For giant tears less
than 270 degrees, if a lensectorny is not done. we
usually place a scleral buckle. A scatter pattern” of
eridolaser photocoagulation  is placed on the retina
supported by the scleral buckle. If a scleral buckle
is anticipated, we prefer to preplace the mattress
sutures in the sclera prior to the vitrectomy as
suture placement is easier and safer at that time. We
usually usc an encircling band, 3.5-~4.0 mm wide,
but wait until the vitrectomy is complete and the
retina is attached before placing the buckle. around
the eye. A low buckle is usually desirable- to prevent
posterior slippage of the retina and radial folds.
We remove the PFCL with a PFCL-air (Figure
8-31 C) or PFCL-silicone oil exchange. If a PFCL-
air exchange is done, it is important ro "dry" the
edge of the giant tear in the initial portion of the
exchange as mentioned  previously  (see Figure
8-31 B). If silicone oil is to be used in the aphakic
eye, we create an inferior iridectomy prior to
removing the PFCL. The decision to use silicone oil
or gas depends on a number of factors,
surgeon preference. We mentioned
silicone oil when discussing the silicone study pre-
viously. Those indications are similar for giant
tears. Eyes with giant tears and PVR generally do
‘better with silicone oil than gas; however, those
without PVR probably do equally well. with oil or
gas. Silicone oil requires less strict prone position-
ing and may prevent total retinal detachment if
membranes  proliferate postop_erati\iely." Patients are
able to travel to high altitudes and fly with silicone
oil present, but not with gas. Silicone oil must be

ineluding
indications  for

removed, while gas is absorbed spontaneously. We
‘usually remove silicone oil within 6 weeks to 3
months following surgery.

Membrane Removal ill Diabetic Retinopathy

Clinical Appearance and Indications

Fibrovascular  proliferation in diabetic retinopathy

origin;ltes from focal epicenters on blood vessels of
the optic nerve head and the retina. Fibrovascular

tissue grows as a sheet in the potential
between the retina and the vitreous. Contraction of
the fibrovascular  tissue may cause contraction of
the vitreous that may exert traction on the new ves-
sels, causing hemorrhage. =~ Hemorrhage  usually
occurs from tearing of the blood vessels within the
rnernbrane. Traction retinal detachment may occur
and retinal breaks can occur adjacent to areas of
traction, causing a traction-rhegmatogenous retinal
detachment. The goal of diabetic vitrectorny is to
clear the media (remove hemorrhage) and to release
vitrcoretin:.lltraction.  There are two major elements
to the traction in diabetic retinopathy. The first is
AP traction from contraction of the vitreous with
traction transmitted from the vitreous base periph-
erally to the area of the fibrovascul:.lr membranes

posteriorly  where vitreoretinal —adhesion is present.
The second form is tangential traction, which is
prirnarily posteriorly in areas of posterior fibrovas-
cular membranes.  Posterior tangential traction is
due to contraction  of fihrovascular ~ membranes

between the epicenters of fibrovascular prolifera-

tion. The traction is transmitted via the fibrovascu-

lar mcmbranes and [he partially detached posterior
hyaloid.

space

Surgical Technique

We separate the posterior hyaloid and the associated

fibrovascular  tissue as a single unit from the retinal
sugface whenever possible, using atechnique called
"en bloc" excision of the diabetic membranes and
the associated posterior hyaloid. We pesform an ini-
ti.ll partial vitrectomy  to remove
hyaloid adjacent to the fibrovascular
8-32). We usually remove
temporal to the posterior
ous posterior

the posterior
tissue (Figure
the posterior  hyaloid
pole, as well as the vitre-
to the temporal sclerotomy site where




Figure 1\-32. Vitrcrrorny for diabetic retinopathy. Excision
of vitreous around posterior vitreorctinal adhesions.
Adapted from Lewis JM. Abrams GW, Werner Jc.. Man-
agerncnt of complicated retinal detachment. In: Albgn DM.
cd. Opluhulmic. Surgery: Principles GildTechniques, Vol.
. Malden. MA: Blackwell Science: 1999: 1309.

the scissors are placed in the eye. In some eyes the
posterior hyaloid is only minimally separated from
the retina and the posterior hyaloid is opened in the
area of separation. Any blood is removed from the
subhyaloid space through the limited opening. We
(see Figure
instrument  with endoillumi-

prefer to use the "tissue manipulator"

8-6), a multifunctional

A
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nation, endodiathenny, and a blunt 3D-gauge can-
nula on the end for aspiration to hold the tissue dur-
ing dissection and to displace blood from the retinal
suiface so the source of hemorrhage can be identi-
fied and treated with endodiathenny.  For excision
of membranes  from the retina, we use the MPC
scissors  (Aleon Laboratories, Fort Worth), or alter-
natively, the horizontally cutting Sutherland scis-
sors. The hyaloid is initially separated from the
epicenters  using an illuminated membrane pick
and/or the closed tips of the scissors. The posterior.
hyaloid between the epicenters will strip cleanly
from the retina, exposing the epicenters. The epi-
centers are then cut parallel to, and flush with the
retinal surface (Figure 8-33A). We elevate the
membrane during cuning with the aspiration func-
tion of the tissue manipulator. This allows biman-
ual removal of the membranes and enhances

visualization ~ of the epicenter of the membrane.

Alternatively, illuminated forceps or picks can be
used to elevate membranes. The membranes sepa-
rate from the retina as the epicenters are cut, better
exposing the remaining epicenters of proliferation.

Each is individually cut as it is exposed to release
the fibrovascular.. membrane from the retinal sur-
face. Minor bleeding sometimes occurs from the
vessels severed at the epicenters, but this will usu-
ally stop spontaneously. Raising the pressure in the
eye by raising the infusion bottles for a short period
of time will control most persistent hemorrhage.

Diathermy is applied to any persistent bleeding

points on the retinal surface. Light direct pressure

B

Figure 8-33. Vitrectomy for diabetic retinopathy. A, Membrane and attached vitreous elevated with tissue manipulator as

membrane

is excised with scissors parallel with the retinal surface.
with vitreous culler., Adapted from Lewis JM, Abrams CW, Werner Jc.. Management of complicated
In: Alben DM, cd. Ophthalmic. Surgery: Principles and Techniques. Vol. I. Malden,

B, Following separation of vitreous. vitreous removed
retinal detachment.

MA: Blackwell Science; 1999: 1309.
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can also be applied with the edge of the vitrectorny
instrument if other techniques are ineffective. After
the fibrovascular ~membrane is separated from the
retina, any remaining posterior hyaloid attached to
the retina is stripped free to the far periphery. The
fibrovascular  membranes and the vitreous are then
excised using the vitreous cutting instrument (Fig-
ure 8-33B). We remove remaining flbrovascular tis-
sue on the retina surface by lifting the tissue with
the tissue manipulator and cutting with the scissors
(Figure 8-34).

We have found complete
membranes
techniques.

excision of diabetic
to be superior to membrane sectioning
There is less hemorrhage when the epi-
centers are excised compared to cutting across (sec-
tioning) the fibrovascular membranes. There is also
less chance of occult retinal breaks being hidden by
residual fibrous tissue left behind with membrane
sectioning techniques. We believe that there is less
postoperJtive hemorrhage  when membrJnes are
excised rather than sectioned JS well as less risk of
membrane reproliferation.

Ocher Techniques

A number of vitrectorny procedures
introduced for maculay, ' diseases.
now be treated with vitrectomy
Other maculay, techniques

have been
Macular holes can
(see Chapter 9).
have been developed for

Figure 11-34. Excision of isolated vitreoretinal membrane.
Membrane elevated with tissue manipulator and excised
with scissors parallel to retinal surface. Adapted from
Lewis JM. Abrams GW. Werner I'C. Management of com-
plicated retinal detachment. In: Albert OM. ed. Oplillwimic
sirg(ry:  Pringiples (i@ Techniques. Vol. I. Malden, MA:
Blackwell Science: 1<))<): 1309.

subfoveal choroidal neovascular
and foveal translocation.
cal removal

rnernbrane
The indications
of sub foveal choroidal neovascular
membranes  have not been well defined. Early
reports indicate a likely benefit for patients with
ocular histoplasmosis  syndrome (OHS), but less so
for other causes of subretinal neovascularization.
The indications and outcomes of surgery for sub-
foveal choroidal neovascular  membranes due to
OHS and age-related maculak:  degeneration
(ARMD) are being investig~lled in the subretinal
surgery trial (SST), a multicenter. mndomized. con-
trolled glinical trial sponsored by the NatiOIRi Eye
Institute. In addition. the SST is comparing surgi-
cal evacuation of large subretinal — hemorrhages
associated with ARMD with no surgery.

removal
for surgi-

Surgical ~ Technique:  Suhjri\'II(I{
Neovascular /VlemhrU!le Removal

Following  vitrectorny, =~ we separate
cortical vitreous from the retina.

gauge sharp spatula. J small
adjacent to the subfoveal choroidal neovuscula *
membrane.  If no suhrctinul  tluid is present. « vie
inject balgpced saline solution with a microcunnulc’
through the retinotorny into the subretinal
elevate the retina over the subretinal neovascula;
membrane.  If subretinul  fluid is already pre sen™
fluid injection is not necessary. The infusion botrl

is raised to elevate the intraoculak. pressure to tem
porarily cause stasis of blood trow. We then place

blunt spatula through the retinotomy into the suf
retinal space and we make an attempt to separute

the posterior
Using a 36-=40-
retinotorny  is made

space to

the neovascular. complex from the surrounding i

sue. This is particulatly —important
is adherent to retinal pigment epithelium (RPE
which can rip during removal of the membrane a
cause a large area of RPE loss. The tip of a subret
nul forceps is then placed through the retinotomy
grasp the subretinal  neovascular
gently elevate it and separate it from its underlyir
vascular attachment. There may be a single, soi
vascular, frond attached to the choroidal side of 1
membrane that will separate when the membrane
slowly withdrawn. Sometimes, however, the b
of the membrane can be broad and adherent, cau'
ing a significant RPE defect when the membra:
and adhering RPE are removed. We maintain hi
intraocular  pressure  for approximately

if the membrane

membrane  a

3 minu:




and then slowly lower the IOP until the IOP is nor-
we once more ele-
vate the JOP for 3-5 minutes, then slowly lower the
IOP.- After hemostasis we inspect the
retina for retinal breaks; if none are pres-
ent, we proceed to a fluid-air exchange.
tally fill the vitreous cavity with air, then close as
described above. Prone positioning
the first 24 ho~rs postoperatively.

is enforced for

Retinal Translocation

360-Degree  Retinotomy
Retinal or foveal translocation surgery may be use-
ful for selected
The goal of both techniques
the fovea from abnormal
over more normal

RPE to a new position
RPE. Since these are new tech-
reports are limited and the indications
unclear. . Retinal
with 360-dcgree is used for large sub-
more difficult. than the limited foveal translocation

from the retina and the retina
detached by injecting BSS transretinally, with a 39-
or 40-gauge cannula. It may be necessary to inject
through more than one retinotomy
detach the retina. After the retina is detached,
quite bullous; then a 360-degree
as far peripherally
best made while viewing
wide-angle viewing system. The retina is rotated to
the desired position
reattached  with PFCL.. The retinotomy
with two or three rows of laser endophotocoagula-
into the eye during
oil exchange and the eye is left filled
with silicone oil.

It is important

The rctinororny

the optic nerve,

to shave the peripheral
the vitreous base. This is difficult
phakic eye, so the lens is removed
place a posterior

while others will place the
IOL during a second surgery. Because there may be
rotation of 25-50 degrees, severe torsional diplopia
may result.. It may be necessary
muscle surgery. Some surgeons
the muscle surgery at the same sitting as the retinal

in most cases.

Some surgeons
the time of vitrectorny,

to rotate the eye
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Limited Foveal Translocation
*

Limited foveal translocation is used for smaller
subfoveal choroidal neovascular membranes.  Prior
to vitrectomy, we preplace five or six mattress
sutures so as to cause superotcrnporal  circumferen-
tial, equatorial imbrication of the sclera over an
area of approximately 120 degrees, when the
sutures are tightened following  vitrectomy. One
suture is placed just nasal to the superior rectus
muscle, four sutures are placed in the superotern-
poral quadrant, and one suture is placed just infe-
rior to the lateral rectus muscle. During the
vitrectorny  procedure,  the vitreous is separated
from the retina. thcn the retina is detached by
injecting BSS transretinally ~ with a 40-gauge can-
nula. We limit the artificial retinal detachment to
the temporal 180 degrees plus part of the adjacent
superonasal  retina. It is important . to detach the
macula, as well as the peripheral retina. It may be
useful to do a partial fluid-air exchange to force
bullous retina posteriorly to aid in macular detach-
ment.. With the retina detached and air filling the
anterior portion of the vitreous cavity. we tie the
imbrication sutures. We then do additional fluid-air
exchange to fill approximately —50-60'k of the vit-
reous cavity with air. No subretinal fluid is drained.

Postoperatively.  the patient is positioned upright
to move the retina inferiorly. The limited foveal
translocation  technique typically moves the fovea
from 200-4300 u, much less than can he attained
with the retinal translocation with  360-degree
rcunoiomy  technique. It may be necessary to treat
the choroidal neovasculur membrane  with laser
photocoagulation postoperatively. Patients  may
experience transient torsional diplopia, but this usu-
ally resolves in a matter of months.

Both translocat ion techn iques can be compli-
cated by retinal detachment and/or PVR. Ran-
domized, controlled clinical trials are needed to
determine the value of these procedures.

Other Indicationsfor  Vitrcctomy

There are other important.. indications for vitrecrorny
and vitrectorny procedures that are beyond the scope
of this chapter.. Vitrectomy removal or repositioning
of a dislocated 10], is an important indication. Bac-
terial or fungal, exogenous or endogenous endoph-
thai mitis, retinopathy  of prematurity, and severe




102 MANUAL OF RETINAL SURGERY

CMV retinitis each may require specialized vitrec-
tomy equipment and techniques.

Intraoperative Complications of Vitrectomy

Vitreous
tential
vitreous

surgery is accompanied
complications. some new and unique to

surgery and others common to other
intraocular ~ procedures. ~ Complications ~ are more
common in severely diseased eyes. Intraoperative
complications  are classified as entrance-site  com-
plications. lens complications, acute oculak hyper-
tension,  hemorrhages. and retinal tears and
detachment. _ Corneal complications,  postoperative
glaucoma. endophthalmitis,  and sympathetic ~ oph-
thalmia will be discussed in Chapter 10. The major
entrance-site  cornplications  are uveal infusion and
subretinal infusion. If the infusion port fails to per-
forate the pars plana pigmented or nonpigmented
epithelium. infusion  fluids feed into the supra-
choroidal  space (Figure 8-35) or the subretinal
space. Uveal or subretinal infusion is best pre-
vented by always ascertaining that the tip of the
infusion port has perforated the pars plana epithe-
lium prior to turning on the infusion. Treatment
involves  removing  the infusion port and then
infusing fluid inta the vitreous cavity through the
vitrecrorny instrument or a needle (Figure 8-36).
Suprachoroidal fluid escapes through the now
open sclerotomy  site.

Peripheral retinal  dialysis can occur when
instruments  placed through the sclerotomy  site
exert traction on the peripheral vitreous (Figure
8-37). Although the incidence of peripheral dialy-
sis is low when small-gauge instruments are used.

by many po-

Figure 8-35. Choroidal infusion caused by incomplete
penetration of pars plana epithelium by infusion port.

Figure 8-36. Drainage of choroidal infusion.
removed to allow drainage of suprachoroidal fluid. Fluid
infused into vitreous cavity through vitreous cutter, Alter-
natively. fluid can be injected through needle,

Infusion port

Figure 8-37. Anterior retinal tear related to insertion of
scissors though sclerotomy. Tear caused by traction on
vitreous base by scissors tip.

peripheral tears still do occur.. The use of entrance-
site trocars and cannulas probably reduces the
incidence of entrance-site  dialysis. . .

Vitreous or retina can incarcerate in the selerot-
omy site. Some vitreous is probably incarcerated
in the sclerotomy site at the end of surgery in most
cases. This can, on occasion, lead to intraocular
fibrous proliferation ~ and retinal traction or (ate
tears of the retina due to traction. It is helpful to
pay attention to reducing the amount of vitreous
incarceration  in the wounds by lowering the infu-




sion pressure  before instruments. Vitre-
ous should be removed from the lips of the scle-
rotomy  sites prior to closure the vitreous
dry cellulose
incarceration

removing

using
culler and/or
sors. Retinal
rotomy
and is best by turning
before instruments.
tion at the sclerotomy site or the use of a smooth
instrument may dislodge incarcerated retina  from
the sclerotomy site, As an alternative, the
cerated retina can be removed
site internally ~ with forceps
icone tip) placed

sponges and small scis-
can occur in the sale-
in an eye with a bullous retinal detachment

off the
A Vviscoelastic

avoided infusion

removing injec-

incar-
from the sclerotomy
or a suction
into the eye through
rotomy  site. PFCL
retina  will sometimes
sclerotomy site.

needle  (sil-
another  scle-
injected over the
disengage retina

posterior
from the

in diabetics
now than
should be protected
as little.. phenylephrine as
by protecting the
Improved infusion
helped
problems

Corneal  erosions
and appear to be less of a problem
lier reports. Corneal epithelium
preoperatively

are most common
in ear-

by using
possible  and intraoperatively
cornea from drying and trauma.
surgery have probably
of severe cornea

solutions  used during
to reduce the incidence
following Corneal
include
diabetic  eyes). filamentary

keraiopathy.  Postoperative

vitrectorny. complications

recurrent  erosions.  (usually most severe in

keratitis. and bullous
erosions  are treated with

ierns. Persistent  erosions  can be
contact

result

patching and emoll
treated with bandage

Lens damage can
the lens. This
peripheral
contact  with the lens.

lenses.
from  direct
occurs  during

trauma  to
usually removal of
instrument comes in
Improvements in infusion

solutions  have reduced the
ative lens opacification. The wuse of glucose-forti-
fied BSS plus infusion has reduced the

of cataract in diabetics.

vitreous  when an

incidence  of intraoper-

incidence

and there can be
iridodialysis during  pars plana
lensectomy. These  complications are
by keeping  ultrasound fragmenta-
tion to a minimum and using
suction  when near the iris.

The; cornea can be damaged
hemorrhage and
ultrasound
best prevented
gentle.  controlled
acute  ocular
significant
retinal

Intraoperative
produce
choroidal

hypertension may

by occluding
During  surgery
of the intraocular s pres-

visually
and/or

problems
vasculature.
be aware

the surgeon  must
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should not be raised to a
period of time. Postop-
result . from  hemorrhage,
choroidal edema,  orbital
block  mechanisms, expansile
glaucoma.  This will he con-

infusion  bottle
for a prolonged
glaucoma may

sure. The
high  level
erative
inflammation,
rhage,  pupillary
or ncovascular
in Chapter  10.
Intraoperative or
may occur.  Hemorrhage
arise  from
retinal

hemor-

gases,

sidered

postoperative
during

hemorrhage
vitrcctomy may
retinal
or choroidal

iris or angle vessels. vessels.
lar ization.

likely

vessels.
in a hypoto-

pressure is ele=
between  [he

is greater

neovascu

Hemorrhage is more to occur
nous eye than when the intruocular

vated. because the pressure  gradient
the eye

Gin initially

vascular system  and during
be controlled
pressure by
source  of he morrhug ¢
should be identified and treated with bipolar cndo-
diathermy. Light direct from the
edge of the vitreciorny
Severe
with  the

solution

hypotony. Hemorrhage
by increasing the intraocular
bottle.  The

raising
the infusion

rounded
can be effective.

pressure
instrument
uncontrolled hemorrhage
infusion  of intraocular

with a concentrut  ion  of

may be managed
thrombin (100-ec
1()() units per eel.
Postoperative hcrnor rhag ¢ m;lY he the result of
residual  hemorrhage from surgery.  rctui ned blood
the vitreous.  or continued
site s. Minor

within from

bleeding

hemorrhage
hc mnrr hag ¢ will

usually
hut denser  hemorrhage muy
need to he removed. Hemorrhage can sometimes
be  removed with  a Iu id-uir
exchange
washout

clear spontaneously.
postopcruri  ve
or may sometimes
procedure. .

require  a vitreous

retinal  detachment

or during

Retinal  tears and
during  vitrectorny
procedures. Posterior  breaks.
can be managed with air

may occur
membrane removal
traction.

tech-

if not under
or gas
niques.  Peripheral breaks do not
buckle if all traction is relieved.
tion is present. . an encircling
essary. In most cases of
associated  with vitrecrorny,
performed  or PFCL s injected
Some form of intraocular
when the retina is detached
Tamponade with air. gas,
retinal  detachments associated with
Retinal ~ breaks arc trcuicd with cryopexy or laser
endophotocoagularion.

injection
require  a scleral
If persistent  trac-
scleral  buckle
ret inal derachmc  nt

is nec-

a fluid-gus
to reattach
tamponade
following

exchange is
the retina.
is necessary
vitrectomy.
or silicone oil is used for

vitrectomy.
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Macular Hole Surgery

Lawrence S. Morse, Robert T, Wendel, and Peter T, Yip

Goals of Macular Hole Surgery

The surg icul gO:J! for macular hole surgery is to
r~Kiliutc  .m.uornic  closure  of the macular hole. As
first reported by Kelly and Wendel | in 1991.. this is
achieved hy the use of viircctorny  techniques  to
relieve .uucrior-postcrior and/or tangential  traction

and the usc of retinal tamponade to facilitate reap-
pro ximai ion of the retina to the retinal pigment

epithelium ~ (RPE). The traction is relieved by iden-
tification and removal of the cortical and posterior

hvuloidal ~ vitreous, and removal of tangential  trac-
tion caused by epirerinul  membranes  (ERM) and/or
the internal limiting membrane (I LM) around the
hole, Tamponade is provided by injection of a long-
Jeting gas. sulfur hexafluoride ~ (SF6) or perfluoro-
propane (C3FR). and strict face-down  positioning

for 1-1 weeks.,

Indications

1
The major indications for macular hole surgery are
listed in Table 9-1. Our indications  for surgical
intervention  are vision loss and the presence of a
full-thickness retinal  break. Clinically, ~ we have
found very little use in dwelling on whether a mac-
ular hole is classified as stage 2, stage 3, or stage 4
(Table 9-1. Gass classification), ~ Because our obser-
vations that good preoperative  vision, short dura-
tion, and small holes are favorable predictors  for
both anatomic and visual success and because the

natural  history is unfavorable.
carlin  than in the p-Ist2

Vitreous surgery for impending  macular  holes
(stage 1) is not considered routinely for the following
reasons: () difficulty in making the correct Ji~Ign()-
six of impending macular holes. e) unproven  thera-
pectic benefit, (3) cost and complic.nior»,. of surgery.
(4) spontaneous  recovery in many p.uicnts. and (::;)
good anatomic and functional n.:sults after macular.
hole surgery for early full-thickness  macular holes,

The same techniques used for an idiopathic ~macu-
lar hole can be applied 10 maculat. holes of other eti-
ologies.  Vision loss secondary  to macu LIr hole.
associated  with rhegm;!togt.:nous  retinal detachment
has been successfully treated  with macular  hole
surgery (MHS). Likewise. macular hole» after pncu-
marie retinopexy  have been managed  successfully
with MHS.

we arc intervening

Table 9-1. Indication for Macular  Hole. Surgery

Vision loss and presence of a full-thickucxx  retinal.. hreuk

secondary 1o:

a. Idiopathic

b. Macular holes associated with rhcgmaiogcnous
retinal -~ detachment

Macular  holes after pncurnaric

macular  holes

rcri nopc xy

o o

Traumatic ~ macular= holes

<P

Macular,, hole after macular. pucker surgery

f. Macular holes associated ~ with macular,, dcgencra-

iion, high myopia. adult vitclliform
Best's disease,

retinopathy,

dystrophy.
diabetic
telangiectasia

retinitis
and peripheral

pigrnemosa.
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Table 9-2. Gass Classification of Macular Holes

Stages Clinical Appearance

Eluorescein . Angiography

Ia, 1Ib

in diameter (1 b) at the fovea
Full-thickness defect/dehiscence

Full-thickness defect 2:400 p in diameter, a surrounding cuff of edema

and fluid, with or without pseudo-operculum

Further development of a compkte posterior vitreous detachment,

Ayellow spot, 100=-200 P in diameter (La), or yellow ring, 200-=300 p

Faint hyperftuorescence  or no abnorm'lity

Round "rea of window defect or normal
Window defect corresponding to the hole

Window defect corresponding to the hole

with anterjor displacement of the pseudo-operculum

Traumatic macular holes frequently are associ-
ated with other ocular injuries, ineluding RPE dis-
ruption and choroidal rupture. The patients usually
are young men. Although most cases arise from
penetrating or blunt trauma; other injuries, such as
industrial ~ Iaser burns, may result in a traumatic
macular  hole. Experience  has shown traumatic
macular holes can also be repaired with MHS.
Rubin and colleagues" reported on 12 cases of MHS
for traumatic maculat. holes. They were able to
close 929c of the holes with one or more operations
and achieved 20/4(} or better vision in 50% of their
cases.

Successful ~ MHS has also been performed on
eyes that developed holes after macular pucker
surgery, and on holes associated

with  macular
degeneration,  high myopia,

adult vitelliform  dys-
diabetic

trophy, Best's disease, retinitis pigmentosa,
retinopathy, and peripheral telangiectasia.s

Prognostic  Factors

Favorable  prognostic  factors are listed in Table
9-3. Eyes with earlier-stage holes, shorter macular
hole duration, and better preoperative visual acuity
have a better prognosis for anatomic and visual
success (Figure 9-1)6 Kelly and Wendel \ reported
that anatomic success rate in holes of ~ 6 months
was 80%, for 6---24 months' duration was 74%, and
for >24 months was 22%. Postoperative  visual
success rates declined with increasing duration of

Table 9-3. Favorable Proanostic Factors

* Preoper"ti ve VA 2:20/1 00
Duration of symptoms <;l year
Small size of macular hole ;450 p
Stage 2 or 3 macular hole

symptoms (Figure
reported a 95%

9-2). Ryan and Gilbert’
anatomic  success rate in early-
stage holes (stage 2) versus 6070 in late-stage
holes (stages 3 and 4). The size of the macular
hole may be the most important physical charac-
teristic, as the size probably is related to duration.
stage, and visual acuity."

Case Selection

Today, most eyes with macular holes are candidates
for surgery. Relative contraindications include
patients unable. to maintain prone positioning, some
cases of traumatic maculat hole. with additional ocu-
lar injuries, and long-standing  or asymptomatic
macular - holes. If the fellow eye is normal. . conser-
vative management. can be discussed with the
patient. Just as obtaining consent is advised before
surgery, the medical record should document clearly
that MHS was discussed, as were the reasons for a
conservative  approach. We are aware of one case of
legal action brought against a physician that alleged
delayed treatment of a maculan hole. Infermed con-
sent should include discussion of MHS complica-
tions that may arise intraoperatively=: as well as
during the early and late postoperative periods.

Preoperative  Evaluation

mimic a macular hole for which
or different surgical
These conditions  inelude epiretinal
geographic  atrophy of the RPE and
retina, cystoid macular edema, lamellar
holes, subfoveal choroidal neovasculariza:
tion with a foveal cyst and intraretinal edema, and
vitreomacular  traction with a cystic fovea." Careful

Many conditions

either no treatment
are needed.
membrane,
overlying
macular

maneuvers
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Figure 9-\., A. Preoperative photograph of a patient with a macular hole and :W/OO vision. B. Postoperative pl1Olograph
of the same patient showing a "“closed” macular hole. Vision improved to 20/50. C, Preoperative fluorescein angiogram of
the same patient showing a central hyperfluorescent ~window defect. D. Postoperative fluorescein angiogram of the same

patient showing partial resolution of acentral hyperfluorescent ~window defect.

VISUAL RESULTS

PERCENT MACULAR HOLES CLOSED

P PP PR LR I T

=6 m 6m->24m ~24m

-6 im 6m->24 m ~24 m 2:2 lines 2. 4 lines

| t Improvement
DURATION OF SYMPTOMS B - —— .

Figure 9-2. A. Anatomic success is inversely related to duration of symptoms. Eighty percent of eyes symptomatic for 6
months Or less were anatomically successful. 74% if symptomatic for 6 months (o 2 years, and 61 % of those symptomatic
for 2 years or more. B. Visual success is inversely related to duration of symptoms. Sixty-eight percent of eyes sympto-
matic for 6 months or lgss improved by two lines or more. whereas only 26% of eyes symptomatic for 2 years or more
improved.




108 MANUAL OF RETINAL SURGERY

clinical examination is needed to differentiate
ular holes from the other pseudohole conditions.

The various stages of macular holes are
descrjbed according to the Gass classification (see
Table 9-2). Biomicroscopy  is the most important
technique wused to clinically evaluate macular holes.
Fundus fluorescein  angiography
used and may demonstrate
corresponding  to the macular hole. In addition to
fluorescein  angiography. other ancillary tests may
assist the physician in making a diagnosis of a mac-
ular hole. The Watzke-Allen test is performed by
placing a thin slit-lamp beam directly on the retinal
hole during contact-lens  biomicroscopic
tion. The patient is asked about whether
vertical beam of light is interrupted at any point or
whether it simply narrows (Figure 9-3). An inter-
ruption in the light beam perceived by the patient is
a positive Watzke-Allen  sign and is useful in diag-
nosing the presence of a macular hole. A normal-
appearing or only narrowed beam is a negative
result. The Watzke-Allen sign. however, is of vasi-
able consistency  particularly.  in stage 2 macular
holes with small retinal dehiscences.

The laser aiming beam spot is also a useful test
for assessing the presence or absence of a full-thick-
ness macular hole." The patient is seated at the laser
apparatus with a fundus contact lens in place. The
SO-lJ aiming beam is used to test central areas of the
retina focally for visual sensitivity. The inability of
the patient to perceive the spot in the area of pre-
sumed macular hole. is strong evidence for the lack
of retinal tissue in that location. In concert with 3
positive Watzke-Allen sign, this is strong evidence
for the presence of a full thickness macular hole:

[

is also frequently
an RPE window defect

examina-
the thin

Figure 9-3. Diagram that was given to the patient to deter-
mine results of Watzke-Allen sign testing. Choices for
response were break (righr). thinning (middle). and no
break (/ejt). (Reprinted with permission from Martinez J,
Smiddy WE. Kim 1, Gass JDM. Differenriating macular
holes from macular pseudoholes. Am J Opluhalmol

1994; 117:762-767.)

mac- .

Ocular coherence tomography (OCT) is a new
diagnostic  imaging technique for high-resolution
imaging of the human retipa. to Cross-sectional.: - images
of optical reflectivity can be obtained with 10-11
longitudinal resolution. This degree of resolution is
superior to that of other currently available diagnostic
instruments.  The high-resolution, cross-sectional
images can provide useful clinicak information in the

differential, diagnosis and staging of macular holes.

Surgical ~ Technique

Vitrectomy

MHS usuglly is pesformed under local anesthetic on
an outpatient basis. Instruments necessary for MHS
are listed in Table. 9-4. The vitreous surgery is done
using standard 20-gauge three-port. incisions with
infusion cannula, endoillumination, and vitrectorny
probe. The vitrectomy proceeds from anterior to
posterior. _ After surgical removal of the anterior and
mid vitreous, it is necessary to identify and remove
the attached posterior cortical vitreous.

Separation of the posterior hyaloid from th; . _..-
os1 surface is difficult because of the three ch.i-nc-
teristics of posterior cortical vitreous: its softness,
transparency.  and tight adherence to the retina.
Because of its softness, the cortical vitreous cannot
always be removed in a single sheet.. It may frag-
ment into multiple pieces, therefore requiring a
more tedious effort from the surgeon. Because of its
transparency, the cortical vitreous is ¢lose to invisi-
ble when it is attached to the retina. Lastly. because
of its tight adherence to the retina, high suction
forces have to be used.

Table 9-4. Instruments
Hole Surgery

Used for Macular

¢ 33-gauge tapered needle
= Soft silicone tip needle (Grieshaberf
& Illuminated pick (Grieshaber) ,
= Tano membrane stripper (Syncrgetics)
Asymmetric  forceps (Synergerics)
Michels pick
Rice ILM elevator (Synergetics)
ILM forceps (Grieshaber)
Membrane forceps/Eckardt
Morris viscoelastic

(DORe)
injector




To detect and engage the transparent and tightly
adhered posterior cortical vitreous, a soft-tipped sili-
cone extrusion needle can be used. Using active aspi-
ration (150-250 mm Hg) with elevated infusion
bottle, the silicone-tipped  suction cannula is gently
swept over the retinal surface near the major arcades,
around the optic nerve or temporal to the macula.
The area immediately around the macular hole is
avoided because the cuff of the hole. is mobile and
can be easily incarcerated into the port. When the
soft silicone tip engages the cortical vitreous, it is
noted to flex. This has been termed the "fish-strike
sign"” or "divining rod sign" (Figure 9-4). The flexion
is typically apparent  before the vitreous fibers can be
seen. This suction maneuver is safe as long as the vit-
reous cortex is still present, because the vitreous
plugs the port and prevents retinal incarceration and
subsequent. tearing. However, if the cortex has been
unknowingly detached intraoperatively —or preopera-
tively (stage 4 hole), the retina can be aspirated into
the port and tom. Once the posterior cortical vitreous
is engaged, a posterior vitreous detachment (PVD)
can be created withi continued suction with anterior-
posterior and tangential traction, while moving the
tip over the retinal surface. This can also be facili-
tated by the combined bimanual use of a lighted pick
and the soft. silicone tip aspiration needle to gently
elevate the posterior hyaloid from the retinal surface
in a very controlled fashion.
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A faster and easier method to remove the p~ste-
rior vitreous hyaloid is to use the vitreous cutter set
on "suction only," directing the port posteriorly and
gently sweeping over and around the optic nerve
until cortical vitreous fibers are visualized stream-
ing into the port. The cutter's larger port engages
the vitreous more firmly and is more efficient at
peeling the cortex from the optic nerve. Once this
has been accomplished,  the vitreous will usually
separate easily to the posterior vitreous base. Cau-
tion should be exercised once the vitreous has sepa-
rated from the posterior pole, as retinal tears may
develop with excessive traction.

Once the posterior hyaloidal dissection has been
initiated, the vitreous cortex becomes visible as a
thickened translucent sheet, especially with oblique
illumination.  Occasionally, the nasal or disc attach-
ments are so firm, that the vitreous cutter (on suc-
tion only), tissue forceps, or pick manipulation is
required to complete the PYD in these areas. It is
common to create small. disc and retinal hemor-
rhages during this process. Frequently, a pseudo-
operculum can be detected as a luteal-colored
fragment. attached to the vitreous cortex. A ring of
condensed vitreous (Weiss' ring) is observed over
the disc corresponding  to previous vitreopapillary.
attachments.  Vitreous cutting should be limited
until a complete PYD is present to: avoid leaving
islands of attached posterior cortical vitreous. Once

Figure 9-4. Soft-tipped silicone suction needle. flexing as it engages the cortical vitreous-the.

"fish-strike"

sign.
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the vitreous is completely detached, the vitreous
cutter is used to complete the vitrectomy. If resid-
ual attached vitreous cortex is present in the poste-
rior pole, it becomes apparent duking completion of
the air-fluid ex.change as a gelatinous substance on
the retinal sukface.

ERM Removal

Histopathologic ~ studies have shown that the major-
ity of macular holes studied postmortem have asso-
ciated epiretinal membranes (ERMs). Although

ERMs typically appear with later-stage holes and
holes of longer duration, they are also common in
stage 2 holes.

These ERMs are unlike typical ERMs from
other causes. They tend to be finer and more friable
and at times are densely adhered to the retina. It
may be difficult to distinguish an ERM from inter-
nal limiting membrane (ILM) contraction. Often we
use a bent microvitreoretinal  (MVR) blade or Tano
membrane scratcher to create an edge in the ERM,
allowing the introduction of a membrane pick. The
free edge is grasped with diamond-dusted intraocu-
Igr tissue forceps and stripped. The ERMs may sur-
round the hole for 360 degrees or can involve only
a few clock hours. If present for 360 degrees, they
are often tightly adhered to the edge of the hole. At
times, this attachment requires cutting to avoid tear-
ing the edge of the hole.

During this maneuver, it is common to create
numerous small hemorrhages around the hole. Cau-
tion is needed to avoid damaging the inner retina;
an early sign of which may be the development of
fluffy whitish areas. To avoid phototoxic injury,
care is taken to avoid prolonged intense illumina-
tion from the light pipe held near the macula.

Internal Limiting Membrane Removal

In the absence of a significant amount of ERM that
could be removed, some investigators advocate the

removal of the ILM to increase the success rate in .
closing macular holes." This modification in surgi-
cal techn ique to intentional removal of ILM has

been controversial. , The advocates of this technique
hypothesize that the greater success in ¢losing mac-
ular holes with this modi fied technique is because

the removal of the ILM mobilizes the retina around
the macular hole so that it is more flex.ible or elas-
tic, In one nonrandornized,  controlled study, 11 98%
of the macular holes were successfully elosed with
this technique, while only 70% among the control
eyes were closed. Additionally, there appeared to be
no damaging effect on the vision from the inten-
tional removal of the ILM.

The first step of ILM removal
with a sharp-tipped MVR blade
macula (Figure 9-5A), about | disc diameter away
from the macular hole in an Il o'clock position in
both right and left eyes. Once the ILM is punctured

is puncturing ILM
in the superior

the MVR blade is withdrawn from the opening. To
assist in visualization  of the ILM, Tornarnbe has
suggested  using intrav itreal Indocyanine  Green

(leG) dye, which binds to the ILM and facilitates
its visualization intraoperatively  (personal commu-
nication).

The Rice ILM elevator or Michel's pick is intro-
duced. with the tip directed tangentially into the
opening in the ILM and beneath it (Figure 9-58).
The elevator is advanced slightly in an effort to
engage only the ILM and not the nerve fiber layer
(NFL). Positioning the ILM elevator in the proper
plane often is very difficult and sometimes takes
several minutes of advancing the tip slightly and
withdrawing it if it is not beneath the ILM or if it
passes into. the NFL., Once the proper dissection
plane is established, the ILM elevator is advanced
in a clockwise or counter clockwise direction (Fig-
ures 9-5C,0). Every effort is made to tunnel
beneath the ILM, creating a pocket, and not to cre-
ate a broad-based sheet of dissected ILM. An inter-
mittent slight lifting motion is used to lift the ILM
off the NFL ahead of the instrument tip, to avoid
burrowing the tip into the NFL.. The ILM is often
not visible over the instrument tip, but a slight
movement of the retina in the direction of the ILM
elevator indicates that it has been engaged. The
Morris  viscoelastic  injector. can .also be used to
facilitate ILM removal by using' d viscoelastic  to
dissect the ILM from the retinal surface mechani-
cally (personal communication).  Once the ILM is
glevated off at least from one side of the macula, it
can be grasped with ILM forceps and peeled off the
rest of the central macula, including the margins of
the macular hole (Figure 9-5E). The ILM is then
grasped more centrally and gently separated from
attachments to the margins of the hole.
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Figure 9-5. A-E, Internal limiting membrane removal.

Air-Fluid Exchange air-fluid exchange is performed. Because dehydration

of the retinal surface may be associated with visual field
After careful examination of the peripherall retina for  defects. following macular hole surgery, we no longer
retinal tears with an indirect ophthalmoscope. a total  wait to exhaustively remove all of the intraocular fluid.
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Once all fluid has been removed over the disc, the
residua).. fluid in the base of the macular hole is aspi-
rated using a 33-gauge metal tapered-tip aspiration
needle. Care is taken to avoid "bumping" the RPE.
The edges of the macular hole will tend to remain on
the pigment epithelium as this is completed. Fre-
quently, the edges appear to slide closer together at
this stage: this is considered a good prognostic sign.
In apparent eccentric stage 2 eyes, no attempt is

made to drain the fluid in the base of the hole, for
feur of causing progression of the hole to stage 3.

Tamponade

Long-Acting  Gas

A nonexpansile  concentration of long-acting gas is
exchung ed for the air. We have most frequently

used 20% sulfur hexafluoride (SF 6)' although

longer-acting gases such as petfluoropropane  (ClI g)
have been used in cases in which compliance with
prone positioning is difficult. . Thompson et al.!
have reponed anatomic success in 5390 of patients
in which air alone was used versus 97% in which
16% CJF gy was used. The visual success rates were
20% and 62%, respectively. A subsequent. study!J
showed that the success rate with 5% and 10% of
CJF, (shorter-acting  bubble) was only 65% as corn-
pared to 94% with 16% CJF, Recently. Park et al."'
have reported good surgical results with the use of
intravitreous  air, along with a shorter 4-day dura-
tion of strict face-down positioning. Tomambe has
also reported good surgical results using long-act-
ing gas without face-down positioning. It is impor-
tant, however, to realize that face-down positioning

theoretically  increases the buoyancy effect of gas
bubbles that may augment the surface tension
effects of intraocular gas tamponades that in tum
may enhance anatomic closure of macular holes in
most patients.

In those unusual situations in which general
anesthesia is used, it is critical that administration
of nitrous oxide be stopped at least 15-30 minutes
before air-gas exchange.

Silicone Qil

In patients who are either unable. or unwilling to
comply with the strict l-week face-down position-

ing postoperatively, liquid silicone can be used
instead of long-acting gas as an extended intraocu-
lar tamponade.  However, silicone oil tamponade
has two disadvantages: (I) an increased potential
for cataract formation, and (2) it requires a second
surgery to remove the oil.

After the fluid-air exchange is pesformed, an air-
silicone oil exchange is peiformed by injecting sili-
cone into the air-filled eye (with the air pump on)
until silicone oil reaches the level of the selerot-
omies or the posterior sutface of the lens or intraoc-
ular lens. Then, the infusion cannula is removed and
the sclerotomies are closed. The final intraocular
pressure is left between 10 and 15 mrn Hg.

The patients are asked to maintain a face-down
position as much as possible.. until the morning of
the first postoperative day, following which they are
instructed only to avoid extended supine position-
ing. They may return to normal light activity on the
first postoperative  day, but are cautioned to avoid
strenuous physical exercise.

The silicone oil cani be removed 4--8 weeks post-
operatively.  Oil removal is accomplished either by
passive efflux through a cannula or by active aspi-
ration through a 19-9auge. \-inch  needle. The eye
is meticulously ~ examined  for small droplets of
residual silicone that are removed through a 19-
gauge, thin-walled needle.

Adjuvants

Histopathologic studies have demonstrated  that
with macular, hole resolution after MHS, the edges
are reapproximated, and the residual defect filled
with fibroglial ~ cells. 1s Furthermore,  the pseudo-
operculum has been demonstrated in some cases to
consist of fibroglial elements' rather than photore-
ceptor elernents.!" The rationale for using adjunc-
tive therapy regimens is the stimulation of fibroglial
proliferation  to close the hole reproducibly, avoid-
ing trauma to adjacent functional retinal elements.”
Therefore,  adjunctive  therapeutic interventions,
including biological tissue adhesive, transforming
growth factor-betay  (TGF-~2)' autologous serum,
and autologous  platelet concentrate, have been
investigated  to improve success rates in macular
hole surgery. The adjuvant is added after a fluid-air
exchange has been performed and is placed onto the
macular hole via a 33-gauge cannula.




There are controversies in the use of adjunctive
therapy. Success rates for macular hole surgery
113.vébeen improving as a result of greater familiar-
ity with surgical techniques and better case selec-
tion. Anatomic success rates in excess of 90%. with
parallel visual success rates, among series without
adjunctive agents call into question the beneficial
role offered by the use of adjunctive therapies.
However, the excellent surgical results in most
series with adjuvants have been achieved without
ILM removal, whereas similar surgical success
among those without adjuvants has needed ILM
removal. _Therefore, the relative ease of the surgical
procedures for adjunctive interventions merits con-
sideration of their use.

Biological ~Tissue Adhesive

The first adjunctive therapy reported was a biologi-
cal tissue adhesive. a commercially available prod-
uct composed of bovine thrombin and pooled
human fibrinogen. Since then, other investigators
have used the strategy of thrombin with a fibrinogen

-containing  substance, such as autologous plasma,
or cryoprecipitate  derived from autologous serum.
Both series reported anatomic  success rates of

80'10 with higher rates of visual improvement. . How-
ever, because these and subsequent pilot studies
were not randomized and did not have controls.
the efficacy of biological tissue adhesives is diffi-
cult to judge.

Transforming, Growth Factor-Beta

Some investigators have reported improved success
rates in macular hole surgery using bovine TGF-~2'
However, the results of a phase Ill, prospective,

randomized.  placebo-controlled  trial did not show
a statistically significant difference between recom-

binant tGF-~2 and placebo." Consequently. further
investigations have been suspended.

Autologous  Serum

Autologous  serum has also been investigated.

While  several investigators have  reported
anatomic success rates ranging from 80% to 90%

in uncontrolled  clinical trials. nonrandomized  but
controlled pilot studies have not shown a treatment
benefit.?
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Autologous  Platelet Concentrate -

A pilot study using autologous platelet concentrate

reported a 95% anatomic  success rate. Subse-
quently, a nonrandomized study demonstrated that
the group that underwent autologous platelet con-

centrate therapy has a significantly higher anatomic
success rate than the control group, 95% to 65%?

Further well-controlled and randomized studies will
be required to determine the efficacy of this as an
adjunct. ,

Combined Cataract Extraction
Lens Implantation  with Macular

and Intraocular
Hole Surgery

Many patients develop cataracts after MHS. even-
tually requiring cataract surgery. Therefore. in-
vestigators  have looked into the feasibi lity of
combining MHS and cataract surgery by perform-
ing them sequentially in the same operative session.
One initial report shows that these two procedures
can be performed during the same operative session
with successful anatomic results and improvement
in visual acuity." The advantages of combining the
two procedures are patient convenience. decreased
surgical expense, and shortened time for visual
rehabilitation.

Postoperative. Care

Postoperatively. ~ 24:hour-a-day  strict prone posi-
tioning for 1 week is prescribed (Figure 9-6). This
is a significant trial for both patient and family
members, and careful patient selection and preop-
erative counseling is mandatory to ensure coopera-

tion. Families should ‘be given the opportunity to
plan ahead to secure such simple items as drinking
straws for the patient and for specialized equipment
such as massage tables for comfortable prone sleep-
ing (Figure 9-7). Other aids that our patients have
found useful inglude small portable television sets,
prism glasses that aid in their head-down ambula-
tion and viewing, analgesics, and anti-inflammatory

drugs for back or neck pain. At times, surgery is not
recommended  because the preoperative evaluation
concludes that prone positioning will be too physi-
cally taxing for the patient. . A possible alternative
approach in such cases is use of silicone oil, or
long-acting gas without prone positioning.
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Figure 9-6. Face-down position.

At the I-wcek visit., approx imately 50% of the
gas bubble. remains after use of 20% SFg If the
patient has been truly compliant. it is common to
see ce llular debris precipit;l(~d on the corneal
endothelium. W~ call this a good positioning  spot
(CPS) (Figure 9-8). This finding may be the only
objective measure of actual patient compliance with
prom; positioning. In the case of primary surgical
failure. the absence of a CPS may suggest poor
compliance as an etiology. The macula can usually
be seen at this visit. and predictions  regarding
anatomic success can usually be made. If the edges
of the macular hole are flattened, anatomic success
is the rule, On the other hand. if the edges are still
vixiblc and the: cull elevated, anatomic failure
occurs despite additional prone positioning.

Complications

Macular hole surgery is accompanied by the same
potential complications  seen in other vitreoretinal
surgical cases. These complications may be consid-
ered as perjoperative (intraoperative and eakly post-
operative_) complications or late postoperative
complications  (Table 9-5).

latrogenic  retinal breaks are a relatively common
complication  of macular hole surgery, occurring in
2-17010. of cases.P They most likely develop during
'the mechanical stripping of the cortical vitreous.
Gentle manipulation of the vitreous at this step will
reduce this complication. The majority of the breaks
are peripheral. . Thus, it is important to carefully
examine for retinal breaks prior to fluid-air ex-
change (using indirect ophthalmoscopy with scleral
depression), as small. breaks are easily overlooked
when the vitreous cavity is filled with air. The reti-
nal tears are treated with cryotherapy or laser and
fluid-air exchange, with appropriate
positioning.

Rhegmatogenous

postoperative

retinal detachments  have a
reported  frequency of less than 390 in most large
series. In some instances. they have been noted in
up to 14=25% of the cases. Again. thorough exami-
nation of the retina prior to the fluid-air exchange
will identify the retinal detachments and ensure that
all detachments are appropriately treated.

A third perioperative complication s increased
intraocular  pressure. Increased intraocular: pressure
after macular hole surgery has been reported in up
to one-third of eyes." This effect does not relate to
the type or concentration of gas used, or the dura-
tion of gas tamponade, but w«s found to be dramat-
ically higher in patients who received recombinant
TCF-~2' Angle-closure glaucoma has been reported
in two studies and was treated successfully — with
laser iridotomy in both instances.

Figure ')-7. Prone sleeping position.




spot” “seen on the comeal

Figure 9-1. The “good positioning
positioning.
Hole Surgery

Table 9-5. Complications of Macular

Pe riuper-ative

a. lurrogenic  retinal  breaks

h. Rhg;malogennus retinal ~ detachments
c. Incrcuxcd intraocular
d.  Endophthulmiti-,

Late Pustoperutive

pressure

3. Reopening  of the macular hole
h. Visual field defects

nuclear  xclerosis

pigmentary
edema

c- Progressive

d.  Macular changes

e. Cystoid macular

[, Vascular occlusinn: AION, BRAO, CRAO

g. Choroidal  ncovuscular _ membrane

Late  postoperative complications include
reopening of the macular hole. visual field defects,
progressive  nuclear sclerosis, and retinal pigrnen-
tary changes. Macular holes reopen in approxi-
mately 2-4% of cases.~1:~~Visual field defects occur
mOSTcornrnonly in the inferior Temporal location.
Tlle etiology of this complication is poorly under-
stood, It has been speculated that the visual field
loss may be due to nerve fiber layer damage That
occurs during extended fluid-gas exchange and sub-
sequent retinal dehydration,” -~ or possibly damage to
the peripapillary nerve fiber bundle during the sep-
aration of the posterior vitreous from the retinal sur-
face. Progression of nuclear sclerotic cataracts s
the most common campi ication of macular hole
surgery, as in series of vitrectomies for conditions
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endothelium indicates  appropriate postoperative patient
other than macular. holes. Studies have reported

incidence of nuclear sclerotic cataract progression
in the range of 13-95% after MHS,~0 Although

the precise etiology of the progressive nuclear scle-
rosis is unknown, altered lens rnctabolisrn  after
vitreciorny is believed to play a role.?" Poor posi-
tioning also increases contact between the gas bub-
ble and the lens capsule, which facilitates cataract
formation. Other risk factors are increased patient
age and increased time interval after surgery. This
complication  is managed by cataract surgery and
lens implantation.  Finally, retinal pigment epithelial
changes have been “described and have been attrib-
uted to phototox icity,, mechanical damage to the
pigment epithelium  during suction of subretinal

fluid through the macular hole, and pressure effects
of the gas bubble on the choriocapillaris and pigment
epithelium  during prolonged face-down position-
ing.~3 Later series in which prolonged illumination
of the foveal area with the fibcroptic illuminator

was avoided have noted this finding less fre-
quently." ~ Other rare complications included cystoid
macular edema, vascular occlusion, choroidal neo-
vascular membrane, postoperative cndophthalmitis,

and ulnar nerve paralysis.

Conglusion
Vitrectomy is an effective procedure for closure of
macular hole, While. a variety of modifications in
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surgical technique have been reported. the same
basic principles are present in all methods used. The
ffi:ny'l ob)ecti.'le i.sto remove anterior-posterior  and
tangential tractions, which cause a central retinal
dehiscence that eventually leads to formation of a
maculay, hole. A complete pars plana vitrectomy is
performed with elevation and removak of the poste-
rior cortical vitreous. Any epiretinal membrane

should be removed. Some surgeons also advocate the
removal of the internal limiting membrane (ILM).
The retinal petiphery is carefully examined by indi-
rect ophthalmoscopy. and a fluid-air exchange is per-
formed. followed by exchange of the air with a
long-acting  gas. In selected patients who are not
good candidates for surgery with gas, the use of sili-
cone oil provides an alternative for surgical repair.:

Some investigators have reported a greater than-
90% success rate in macular hole ¢losure by more
aggressively  peeling off the ILM at the time of
maculay, hole surgery. Others have reported achiev-
ing similar results by using a vatiety of adjuvants,
including autologous serum. autologous plasma or
cryoprecipitate  with bovine thrombin. and autolo-
gous platelet concentrate  without ILM removal to
improve closure rates of primary idiopathic macular
holes, as well as to close reopened holes.

Regardless  of the technique wused to repair the
macular - hole. it is widely recognized that strict post-
operative face-down positioning is a successfuk tech-
nique used by most surgeons. Face-down positioning
helps to effectively tamponade the macular hole and
promotes  macular, hole closure. The continual
improvement of techniques and early surgical inter-
vention has indeed made this a gratifying procedure.
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Complications and
Postoperative Management

Mark S. Blumenkranz

The primary objective  of retinal reattachment

surgery is to restore normal anatomic relationships

between the neurosensory  retina and the retinal
pigment epithelium (RPE) by methods that result
in the maintenance  or maximal restoration of cen-
tral and peripheral visual function. Experienced

retinal surgeons using the techniques outlined in
previous chapters of this book can achieve this
objective  in the majority of cases with a single
operation and a minimum number of complica-

tions. Complications  are undesirable for two rea-
sons: (I) they may lessen the chances for retinal
reattachment ~ with a single operation (as in the
case of retinal incarceration) or (2) they may result
in reduced visual function in cases in which
anatomic  retinal reattachment is achieved (as in
the case of subretinal hemorrhage). As in all surgi-
cal disciplines, the most effective treatment for
surgical complications is to avoid them. By using
atraurnatic surgical technique and following estab-

lished surgical principles, complications  can be
minimized.
Complications  of retinal reattachment  surgery

can be broadly grouped into those that occur in the
intraoperative  environment or those in the postop-
erative period. The latter can in tum be classified
into early and late complications,  with the former
being the major subject of this chapter.

Intraoperative ~ Complications

Penetration with Scleral Suture
The necessity of achieving adequate length and
depth of scleral bites to produce suitable buckle

height has already been addressed in Chapter 7.
Occasionally,  especially in myopic eyes or those
with localized radial staphylornata, the needle will
penetrate the choroid and pigment epithelium. This
risk can be reduced by using a spatula rather than a
CUIling needle. In eyes in which the retina is suffi-
ciently detached in that quadrant, subretinal fluid
will be released as the needle. hub is withdrawn

from the scleral pass, with immediate softening of
the globe. If the retina is attached in that quadrant,

no outward sign may occur although occasionally a
small bead of vitreous may be seen at the site. In
either case, if blood emanates from the needle tract
externally, the suture must be immediately but care-
fully removed from the tract after cutting it close to
the sclera to reduce the chance of intravitreal or
subretinal  bleeding. The site should then be care-
fully inspected by indirect ophthalmoscopy and
treated by cryopexy or indirect laser if there is evi-
dence of atraumatic retinal tear. If there is evidence
of localized subretinal hemorrhage, the intraocular
pressure should be increased and the eye and head
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positioned so that extension of hemorrhage
macula is either avoided or minimized. If there is
no evidence of external or internal bleeding from
the perforation site, it is advisable to proceed with
placement of the additional seleral sutures. Care
should be taken to avoid another accidental perfo-
ration in the soft, already predisposed eye. When all
the additional  sutures have been placed, and the
globe temporagjly buckled to restore a more normat
intraocular  pressure, it may be advisable to replace
_the defective suture 1-2 rnrn beyond the first bite
(either anterjorly or posteriorly) such that the origi-
nal perforation  site is now' encompassed  in the
buckle. In some cases, subretinal fluid drainage
may no longer be necessary, although as a general
rule it is unwise to evacuate subretinal fluid forcibly
from an inadvertent drain site, because of the risk
of hemorrhage.

into the

Rupture of the Globe Wall

Occasionally
nal procedures,
defect
massive

in eyes that have undergone prior reti-

trauma. or high myopia, a gaping
may occur intraoperatively that results in
loss of vitreous and deflation. Areas of thin
sclera (such as beneath the insertions of the recti
muscles) are particularly prone to this complication.
In such instances the most expeditious course is to
oversew the defect with a 6-0 or 7-0 absorbable or
an 8-0 nylon suture if the hole is not too large. For
larger defects the entire area can be covered with an
appropriately  trimmed explant held in place by hor-
izontal mattress sutures secured in more normal sur-
rounding sglera. The globe is then reinflated with
balanced salt solution or air and the remainder of
the operation resumed. In rare instances, the use of
cyanoacrylate  glue. processed pericardium, or bank
sclera may be considered.

Inability to Drain Subretinal Fluid Successfully

In some cases the surgeon may not be able to evac-
uate subretinal fluid successfully or safely because
of its shallowness in an accessible seleral site,
engorgement  or detachment of the choroid, nearby
chorioretinal scars. or other factors. In such
instances it is highly recommended that the surgeon
revise the operative plan and consider other tech-

niques, including conventional
placement  of an intravitreal
drainage  complications
retinal hole formation,

nondrainage and the
gas bubble, since
including  incarceration,
and subretinal hemorrhage
tend to be the most frequent and severe intraopera-
tive complications.

Retinal Incarceration in the Drain Site

During
through
become

the course."Qtrelea&.\:, Qf subretinal  fluid
a drainage sclerotomy, the retina may
incarcerated in the choroidal puncture site
and occasionally prolapse externally or blowout if
the complication  is not promptly recognized. The
likelihood of this is increased by the following fac-
tors: selection of a drainage site beneath shallowly
detached retina. excessive pressure on the globe dur-
ing drainage, or creation of too large a defect in the
choroid. It should be immediately suspected when
the surgeon notes an abrupt cessation of previously
brisk fluid drainage, often immediately preceded by
a small burst of external pigment. - It can be con-
finned ophthalmoscopically ~ when the retina shows
starfolds and is engaged in the underlying drain site.
Prior to the ophthalmoscopic  examination. some
surgeons prefer that the drainage site be elosed by
temporarjly tying either the overlying buckle suture
(so that the explant covers the drainage site) or the
preplaced  sclerotomy  mattress suture (if one was
used; see Chapter 7).
Once an incarceration
surgeon

has been identified, the
may attempt to reverse this by reducing
pressure on the globe and simultaneously averting
and pulling the lips of the selerotomy outward. In
some cases in which the retina is not frankly pro-
lapsed externally, gentle external pressure with a
blunt musgle hook or a stream of balanced salt solu-
tion may be successful, . In most cases these maneu-
vers are unsuccessful and the surgeon  must
detennine  whether a retinal hole has also been cre-
ated that requires an adhesive modality such as cryo-
pexy or indirect laser. In most cases of irreversible
incarceration, the site is already in the bed of a
planned  buckle, so no further modification is
required. If not, however, scleral buckling of this site
is strongly advised. | routinely apply cryopexy to all
accidental incarceration sites  since, in many
instances, it may facilitate the identification of small

retinal defects. Larger retinal defects in incarcera-




tion sites are readily recognized by the appearance

of translucent vascularized retinal tissue or a burst
of liquid vitreous from the site. In some instances, a
late incarceration may be created after otherwise

successful drainage of subretinal fluid during buckle
manipulation  if the drain site has not been previ-
ously closed. For this reason as well as potential

reoperation, | choose to close all drain sites with: a
preplaced absorbable suture such as 7-0 Vicryl., The
major complications  of retinal incarceration (aside
from retinal breaks) are the creation of radial retinal
folds that interfere with buckling of other tears in the
early postoperative period and localized or general-
ized retinal proliferation (macular pucker, starfolds,

and proliferative  vitreoretinopathy [PVRJ) in the
later postoperative  pegiod.
Subretinal Hemorrhage
Another  complication that may occur during
drainage of subretinal fluid is intraocular hemor-

rhage, usually into the subretinal space. Factors that
favor the development of this complication include
highly myopic eyes. actively inflamed eyes, posteri-
orly selected (and midquadrant) drain sites, and the
use of overly large, sharp-drainage instruments. The
likel ihood of developing this complication can be
reduced by selecting a drainage site as anterior as
possible beneath adequately detached retina in the 3,
6,9. and 12 o'clock meridians, which has the effect
of avoiding the drainage beds of the vortex veins and
their immediate larger tributagies. Once the sclerot-
omy has been performed, the underlying choroidal
knuckle is carefully inspected (preferably with mag-
nification) to ensure that there are no large choroidak
vessels in the region. If any doubt exists, transillumi-
nation may be used. L generally, lightly diathermize
the choroidal bed to reduce further the risk of acci-
dent~ hemorrhage, although this is probably not nec-
essary jf the bed has been carefully inspected and
found to be free of large vessels. The development
of a subretinal hemorrhage from a drainage site is
usually, but not always, heralded by external bleed-
ing. External bleeding from the drain site mandates
that the surgeon promptly inspect the drain site inter-
nally by indirect ophthalmoscopy before proceeding
further with drainage. If blood is seen internally at
the drain site or posteriorly, light diathermy should
be applied externally to the drain site, the drain site
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closed, the intraocular pressure normalized by exter-
nal pressure on the globe: with a cotton-tipped appli-
cator, and a new drain site selected. If blood has
tracked beneath the detached macula, some consid-
eration should be given to appropriate positioning of
the globe. or head so that the blood may migrate grav-
itationally to an inferior extrarnacular location. This
positioning  should be continued in the immediate

postoperative petiod. I the case of a large submacu-
lar hemorrhage in an eye with total or inferior subto-
tal detachment, it may be justified to defer further
drainage and use a pneumatic technique in conjunc-
tion with reverse Trendelenburg positioning to facil-
itate  movement of blood to a more inferior
extramacular location overnight. . In rare instances of
bullous hemorrhagic macular detachment occurring
as a complication of scleral buckling, vitrectorny and
fluid-air exchange with or without internal drainage
of the hemorrhage may reduce late blood-related

macular  dysfunction, although  this technique
remains unproven and confroversial. , In general the
natural history of submacular . hemorrhage following
choroidal pegforation during scleral buckling is more
benign (han other clinical syndromes such as age-
related macular degeneration.

Acute Ocular Hypertension

Acute rises in the intraocular. pressure (IOP) are fre-
quently encountered in the course of retinall reattach-
ment. surgery. Most frequently the IOP elevation is the
result of a buckle-induced compression of the globe:
or injection of a vitreous bubble to promote break
tamponade. Under normal physiologic ciscumstances,

the outflow facility of the eye is able to compensate

for these acute pressu.re rises, with the rate of aque-
ous outflow proportional © the IOP and thereby

increased. In the case of expansile concentrations of
insoluble gases sucldas sulfur hexafluoride and per-
fluoropropane, the concomitant use of nitrous oxide
(which is also highly insoluble) as a general anes-
thetic agent may lead to severe and unpredictable IOP
increases related to the equilibrium-driven  accumula-
tion of nitrous oxide within the intraocular gas bub-
ble. This complication can be avoided by advising the
anesthesiologist ~ when expansile gases may be used
and avoiding the use of nitrous oxide in such cases.
When nitrous oxide has been used, it is highly rec-
ommended that the ane.sthesiologist switch to another
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i_nlhalationa[_ agent at least I(}-15 minutes prior to the
instillation of intravitreal gas. Experimental studies
on rabbits indicate that when outflow facility is nor-
mal, elevation of the IOP acutely to levels of 100 mm
Hg by intravitreal injection of a O.4-cc gas bubble= is
followed by normalization of the IOP in 60 minutes
or less. It is also known that placement of an encir*
cling buckle reduces the outflow facility of the eye.
at Igast temporarily. and thus may exacerbate the ten-
dency toward ocular hypertension both intraopera-

tively and postoper:.Itively. This can be offset by
several methods including preoperative intermittent

compression  of the globe to lower the IOP, preopera-
tive or intraoperative treatrnent with a carbonic anhy-

drase inhibitor (such as acetazolamide

500 mg) or a
hyperosmotic

agent (such as intravenous mannitol
lgJkg) and. most commonly. paracentesis. A general
ru'lg_ of thumb is that the normal eye will tolerate an
IOP that does not result in closure of the central reti-
nal artery for more than 50% of the duration of the
cardiac cycle. This guideline should not be applied to
eyes with preexisting glaucoma or ischemic ocular
disease.

One special technique | have found helpful in rare
situations in which the ability to perform encirctage
and intravitreal gas injection is effectively precluded
by IOP considerations is to remove a small amount
of vitreous. This is performed under indirect oph-
thalmoscopic  control with a mechanized cutter posi-
tioned in the midvitreous cavity without the need for
a separate infusion port or light pipe. Sufficient vol-
ume is created to permit safe encirclage and gas
injection. although potential complications inelude
the creation of radial retinal folds, and accidental lens
or retinal damage unless the surgeon is experienced
with the technique. | find this technique preferable to
needle aspiration of vitreous, which is more unreli-
able and prone to the creation of vitreous tracts (and

possibly increased vitreoretinal traction).

Retinal Fold Development
Radial retinal

folds develop in eyes undergoing
encircling

procedures  with drainage of subretinal
fluid because the equatorial scleral circumference of

the globe is shortened proportionally more than the

equatorial retinal circumference. The radial fold rep-

resents pleating of the retina to accommodate its
new scleral circumference and appears to occur pref-

erentially in meridians containing
addition to their, potential
ula and aesthetic considerations,  retinal folds are
undesirable because they often contribute to contin-
ued movement of subretinal fluid through the reti-
nal break. They can be avoided in many instances
by limiting the degree of circumferential  seleral
shof_tening induced by shortening (i.e., tightening)
the encircling band and injecting a quantity of
intravitreal air or gas when a large amount of sub-
retinal fluid has been evacuated. The instillation of
intravitreal air has the dual benefit of both restoring
the intravitreal ~ volume (and pressure) to a more
normal level without excessive band shortening. and
providing  postoperative  tamponade for a retinal
break should a retinal fold occur through a break.
causing so-called fish-mouthing  (see Chapter 7).
Another approach to the problem of fish-mouthing
is the placement of a radial buckle beneath the radial
fold, although this technique is not generally appli-
cable to eyes with multiple~ retinal folds and is in
general less desirable than the use of air or gas.

retinal breaks. In
involvement of the mac-

Early postoperative

Complications
(First 72 Hours)

Persistence  of Subretirzal Fluid

When all subretinal

fluid has been drained intraop-
eratively,

it is uncommon for any to be present on
the morning after surgery if all the breaks hive been
identified and appropriately treated. In instances in
which not all the subretinal fluid can be success-
fully or easily drained, or in nondrainage proce-
dures, subretinal fluid may still persist on the first
pc-vstoperative day. If the breaks appear appropri-
ately positioned  overlying the buckle and the
amount of fluid is either equal to or less than that
observed at the termination of the operation the
patient may be safely observed for evidence of fur-
ther subretinal ~fluid reabsorption, which generally
occurs. If (1) there appears to be more subretinal
fluid than present at the termination of the proce-
dure, (2) a prominent retinal fold communicates

between the retinal break and subretinal fluid pos-
terior to the buckle, (3) the retinal break is margin-
ally positioned on the buckle, (4) the retinal break is
very large (and not well supported),

(5) the macula
is still detached, (6) there is elinical

evidence of




continued vitreous traction on the retinal break, or
(7) if retinal breaks have not settled in an eye that
has been previously vitreetomized, and there is not
already a bubble present, | favor an intravitreal
injection of air or an expansile gas within the first
48-72  hours. This is most effective if the tear is
located within the superior 8 hours of the fundus (or
in the posterior pole). The procedure can be per-
formed at the patient's bedside, in a minor surgical
suite, or in a reclining examination chair, with min-
imal additional risk and invariably results in com-
plete subretinal ~ fluid reabsorption  unless severe
vitrcoretinal ~ traction is present. . The technique is
outlined in the following section.

Exudative Retinal Detachment

Scleral buckling surgery, when combined with heavy
cryopcxy, can lead to the accumulation of exudative
subrciinul - fluid 48-72 hours following surgery. The
subretinal ~ fluid tends to be turbid (obscuring

choroidal detail) and shifting in location; it tends to
accumulate posterior 10 the buckle and not contigu-
ous to retinal breaks. Short courses of systemic

steroids are effective in treating this complication.

Ocular Hypertension

It is not uncommon to see mild to moderate ocular
hypertension ~ (IOP 25-30 mm Hg) with an open
angle occurring on the first or second postoperative

day, especially in eyes undergoing encircling proce-
dures. These can be successfully treated with a top-
ical ~-blocker for the first week or two after surgery.
with little risk of optic nerve damage in the other-
wise normal eye. Patients with known preexisting

glaucoma or a compromised angle should be pre-
treated with a ~-blocker and/or carbonic anhydrase

inhibdor to minimize expected fluctuations in the
IOP. When the IOP is greater than 35 on the first or
second day after surgery the most common cause in
phakic patients is the concomitant development of
choroidal detachment (see below). In most cases the
angle remains open although there may be mild to
moderate shallowing. Treatment consists of pupil-
lary dilation, topical steroids, a j3-blocker, and topi-
calor oral carbonic anhydrase inhibitor if necessary.*
Patients may rarely develop true angle closure glau-
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coma after scleral buckling. Most often this occurs
in pseudophakic ~ patients with anterior chamber

lenses, and is accompanied by frapk iris bombe and,
frequently, pupillary seclusion. The primary treat-
ment is vigorous pupillary dilation to relieve the
seelusion. If this is unsuccessful, laser iridectomies

with the YAG or argon laser are usually successful
in relieving the block, although multiple iridec-
tomies in different secluded quadrants and, occa-
sionally, vitreolysis behind the iridectomy, may be
required. If all of these measures are unsuccessful,

pars plana vitrectomy and iridectomy will invariably
relieve the problem in the absence of large choroidal
detachments. Some phakic patients (with either pre-
existing uveitis or postoperative anterior segment
ischemia) or aphakic and pseudophakic patients may
develop pupillary seclusion, iris bombe, and acute
IOP elevation as the result. of a pupillary fibrin mem-
brane (discussed in a subsequent section).

Choroidal Detachment

Along with mild ocular
choroidal detachment is probably the most frequent
complication  of scleral buckling procedures, occur-
ring in approximately 25% of cases. The likelihood
of postoperative choroidal detachment is increased
with increasing patient age. the use of an encircling
buckle, posterior placement of scleral buckles
(compromising  vortex veins), and drainage of sub-
retinal fluid. Although the development of serous
choroidal ~ detachment is not associated  with a
decreased long-term retinal reattachment rate, it is
frequently associated with moderate to severe ele-
vation of the IOP and may be related to mildly
reduced levels of central vision in long-term follow-
up studies. Choroidal detachments may be annular
and difficult to detect (often associated with mild to
moderate  shallowing of the anterior chamber) or
lobular and variable in size. In general, the treat-
ment for mild to moderate choroidal detachment is
conservative, consisting of cycloplegics and topical
steroids. In some cases, oral steroids are used if
considerable inflammation is present. , In rare
instances, it may be necessary to drain serous
choroidal detachments if they are "kissing” or asso-
ciated with severe compromise of anterior struc-
tures such as a malpositioned lens. Surgical therapy
consists  of a radial or winged scleral incision

hypertension, serous
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overlying the pars plana to the plane of the supra-
choroidal ~ space. | have found the simultaneous
intraocular. infusion of air with an automated pump
helpful. _ In the case of kissing choroidal detach-
ments, some consideration should be given to repo-
sitioning the buckle to a more anterior location, if
possible, to reduce vortex vein compression.

Fibrinoid Reaction and
Anterjor Segment Ischemia ~

When fibrinoid reaction is present
chamber on the first postoperative

scleral buckling procedure
erally signifies that anterior segment ischemia
has occurred. This is frequently accompanied by
choroidal ~ detachment  and ocular hypertension.

Patients with, preexisting retinal vascular compromise,

especially those with: sickle cell anemia or the acute
retinal necrosis syndrome, are particularly prone te
this complication. In the otherwise noncompromised

eye the likelihood of anterior segment ischemia or
necrosis is increased by the use of an excessively high
or broad encircling scleral buckle producing vortex
vein compromise. In patients with predisposing reti-
nal vascular disease, the frequency of this serious
complication can be reduced by avoiding encirclage if
possible, being certain the intraocular. tension

in the anterior
day following a
in a nonuveitic eye, it gen-

is not

excessively elevated at the termination of surgery, and
avoiding vortex vein compromise during orbital dis-

section and buckle placement.
The other signs of anterior
addition  to fibrinoid

segment ischemia, in
reaction.  include corneal
epithelial and stromal edema out of proportion to
the intraocular pressure, keratic precipitates (usu-
ally pigmented), iris atrophy and liberation of pig-
ment into the anterior chamber, acute cataract, and
occasionally  pupillary eccentricity. The treatment of
choice is reduction of the IOP and vigorous topical
and. in some instances, systemic steroid therapy. In
cases where extremely large choroidal detachments
are also present, some consideration may be given
to replacing the buckling element and draining the
choroidal detachments ~ within the first 24-48 hours.

Fibrinoid response in the anterior chamber is not
infrequently  seen in eyes undergoing both seleral
buckling and vitrectomy  (see Chapter 8) in the
absence of anterior segment ischemia. It most fre-
quently occurs in diabetic patients with extensive

ocular neovascularization, trauma patients,
patients with the acute retinal necrosis
although any patient with intraocular
blood in the immediate postoperative  period may
manifest this response. In this instance, treatment is
not required unless either secondary * complications

of the fibrin ensue (such as pupillary ~ block) or €lear
visualization ~ of the posterior segment is required
for additional maneuvers such as laser photocoagu-

lation. The intracameral injection of 10-25 micro-
grams of recombinant tissue plasminogen activator
(IPA) is the preferred treatment for this condition,

if severe. Mild cases of pupillary fibrin usually
resolve spontaneously — without serious sequelae.

and
syndrome.
oozing of

Cataract

The development of acute cataractous change
immediate  postoperative  period following

buckling is uncommon  and almost
related to the use of intraocular gas in the absence
of signs of anterjor segment ischemia. The mecha-
nism may be either through mechanical damage
during intravitreal  gas injection or the indirect
effects of gas on the lens. In general. in eyes not
undergoing vitrectomy with injection of a subtotal
gas bubble, these effects are transient and not asso-
ciated with an unfavorable long-term prognosis. In
eyes with larger, long-acting bubbles of perfluoro-
propane gas, especially after vitrectomy. feathery
posterior  cortical opacities or vacuolar: posterior
epithelial changes resembling fish scales may occur.-
These are also generally transient although they fre-
quently herald the development of a late posterior
subcapsular.. or nuclear sclerotic  cataract. - Late
nuclear sclerosis is a very frequent complication in
patients over the age of 40 undergoing vitrectomy
alone or in conjunction with scleral  buckling,

whether or not intraocular gas has been used.

If cataract is not accompanied by acute lens
swelling and compromise of anterior segment struc-
tures, treatment is not required immediately unless
clear visualization  of the posterior segment s
required for additional postoperative  maneuvers. In
instances  where there is accidental = mechanical
trauma to the lens. acute swelling of the lens may
occur with resultant  shallowing  of the anterior
chamber, corneal touch. and corneal decompensa-
tion requiring immediate surgical intervention.

in the
seleral
invariably




Macular Displacement and Fold

Occasionally ~ following scleral buckling surgery
employing an intravitreal air or gas bubble and a highly
bullous retinal detachment, the macula may be hetero-
topically displaced' due to shortening of sclera. Ip some
instances the fold may course directly through the
fovea, causing distortion, vision loss, or monocular

diplopia. This complication can be avoided by mini-
mizing seleral shortening and maximizing subretinal
fluid drainage during surgery. Foveal displacement

symptoms may be ameliorated by the use of prisms. In
severe cases, or when a frank fold is present, if the
symptoms are disabling, removal of the buckle and
redetachment. temporatily may be required.

I nfectious ~ Complications

Infectious endophthalmitis  following scleral buckling
and vitrectomy surgery is a very uncommon compli-
cation and almost invariably. in my experience, the
result of intravitreal injection in the phakic nonvitrec-
tomized eye as a postoperative maneuver. . As a result.
great pains should be taken to use sterile technique,
including the administration of pre- and postinjection
topical antibiotics. when administering  or supple-
menting gas intraoperatively or postoperatively. Treat-
ment of endophthalmitis must be considered an
extreme ophthalmic emergency and must include vit-
reous aspiration for culture and injection of intravit-
real antibiotics. with or without vitrectomy.

Although scleral implant and explant material
may occasionally become infected (1--4% of cases).
this invariably occurs later in the postoperative
period (6 weeks up to 20 years). Rarely, a scleral
abscess may occur in the immediate postoperative
period. heralded by the development of severe ocular
pain, orbital swelling out of proportion to the surgical
procedure, and purulent discharge. Appropriate ther-
apy fof this disorder includes prompt diagnosis,
removal of the buckling material, intraoperative
orbital and scleral antibiotic lavage, and high-dose
intravenous  antibiotic therapy after appropriate cul-
ture and sensitivity studies have been performed.

Lid Swelling

Lid swelling following scleral buckling occurs fre-
quently enough to be considered an expected phe-
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nomenon rather than a true complication. Nonetheless,
it is a source of discomfort to the patient and may
cause ptosis and limitation of extraocular movement. .
The incidence and severity of the swelling can be
reduced by choosing appropriately  sized buckling
material, atraurnatic surgical technique. and possible
use of solid rather than bulky silicone sponge explant
material. . Orbital swelling is exacerbated by prone
positioning (required for patients with intraocular gas
bubbles). lec packs can be used to treat the swelling;
systemic steroids are reserved for severe cases.

When lid swelling is severe, or accompanied by
signs of severe orbital inflammation including ten-
derness and redness, the possibility of scleral
abscess or a buckle infection should be considered.

Muscle Imbalance

Mild paresis of the extraocular muscles is a common
phenomenon during the first 24-72 hours after scle-
ral buckling  surgery, particularly when large
explarns are used, or there has been extensive dis-
section or revision of buckling material. Tlle use of
long-acting local anesthetics for retinal detachment
surgery may also contribute to this problem. Motil-
ity almost invariably returns to normal within 2
weeks after surgery and symptomatic diplopia can
be treated in the intervening time by patching. Up to
5% of patients may have some degree of permanent
muscle dysfunction. usually correctable with prisms.
The likelihood of this complication is increased by
the temporary disinsertion of muscles during scleral
buckling. a technique that is rarely indicated. In
cases of prolonged motil ity imbalance, which are
uncommon, buckle removal or muscle surgery may
be required with or without prism therapy.

Late Postoperative Complications
Infection  or Erosion oj Implant

The principal late complication of scleral buckling is
infection of the implant or explant associated with, the
development of a fistulous tract. This complication is
often heralded by the development of ocular pain, ten-
derness to palpation over the buckle, conjunctival

injection, and lid crusting of a mucoid or frequently
purulent nature. This is especially noticeable to the
patient upon awakening in the morning. The clinician




126 MANUAL OF RETINAL SURGERY

may determine the site of infection by palpating the
globe, through the lids, and identifying the tender area.
Occasionally, a fistulous tract may develop in the
absence of frank clinical infection, although it should
be assumed for all practical purposes that the devel-
opment of a fistula: signifies the development of a
clinical buckle infection. The likelihood of this com-
plication is increased by poor lid hygiene, possibly
the use of sponge rather than solid silicone buckling
material. _and failure to soak the buckling material
intraoperatively ~ (prior to insention) in an~antibiotic
solution such as fortified ccfuzolin or Neosporin.

Meticulous closure of Tenon's capsule~ and conjunc-
tiva and irrigation of the subconjunctival space prior
to closure with a topical antibiotic may also reduce
the frequency of this complication. Once the patient
shows signs and symptoms of an infected explant.
removal of the explant is almost always inevitable. In
instances in which the buckle. has been present for
less than 6 weeks and the severity of ocular inflarn-
marion is mild. serious consideration should be given
to conservative  therapy with topical and/or oral
antibiotic coverage as well as meticulous lid hygiene
to allow lormatiou of a mature choriorctinal adhesion
thut will muiutuin retinal reattachment after buckle
removal. In the majority of cases, removal of the
buckling material is not accompanied by retinal rede-
tachrnent  after this time. provided that all the retinal
breaks have been sealed by a thermal modality and
there is not extensive residual vitreoretinal traction. |
favor supplemental photocoJgulation  to areas of reti-
nal breaks and/or vitrcoretinul traction in instances
where the buckle. must be removed approximately

1-2 weeks prior to buckle removal. -

In some cases, erosion of the conjunct! va and
Tenon's capsule tissue overlying the buckle~ may
occur without other clinica! signs of infection such
as mucopurulent  discharge or conjunctival  injec-
tion. In such cases, a culture should be taken to
ascertain that there is no evidence of a conjunctival
infection. In some instances, the situation may be
stabilized by placement of a homologous scleral or
per icardial patch graft over the exposed buckle,
over which conjunctiva s then reclosed with an
absorbable  suture after the edges are trimmed. It
can be categorically stated that once a fistulous tract
or area of erosion has occurred, reclosing the eon-
junctiva in that area without placement of additional
homologous  tissue either in the form of seleral
patch graft or autologous  donor conjunctiva s

likely to be unsuccessful. . Most buckle infections

are caused by staphylococcal  species and tend to
run an indolent course. Occasionally gram-negative

infections (including Pseudomonas) produce a more
fulminant picture and may be associated with the
development  of scleral ectasia and frank stuphy-
lorna beneath the buckl ing material. . Great care
should be exercised in removing buckles in such
areas because of the risk of accidental perforation.

especially in cases of gram-negative infection. It is
also important to remove scleral sutures from all
quadrants at the time of buckle removal. . since they
may contribute to the persistence of infection.

Other Late Complications

A multitude of other complications may occur that
are beyond the scope of this chapter. These inelude
development_ _ of proliferative changes of the vitreous
as manifest by macular, pucker or PVR. In general.
the likelihood of these complications s increased by
any of the other inrraoperative or early postoperative
complications including scleral perforation. subrcti-
na! hemorrhage, choroidal detachment. and fibrinoid
syndrome. The reader is advised to consult the chap-
ter on vitrectorny in this and other excellent books:
on vitrectorny methods for the surgical management
of these proliferative complications.

Postoperative-Management

Techniques

Fluid-Gas Exchange

Fluid-gas exchange is an extremely valuable tech-
nique that is applicable to eyes that have previously
undergone vitrectomy with the following indications:

residual or recurrent subretinal fluid accumulation;

persistent intraocular media opacity; evidence of
severe intraocular inflammation as manifest by a mas-
sive protein deposition (with or without fibrin) in the
ocular compartment; to facilitate or prolong intraocu-
lar tamponade in eyes with appropriate indications

(large retinal tears, proliferative vitreoretinopathy, and
occasionally unresolved vitreoretinal traction). Fluid-
gas exchange can be performed at the bedside or in a
minor surgical suite with either topical or retrobulbar
anesthesia, although the latter
phakic and most pseudophakic

is recommended in
patients. Following




instillation of topical anesthesia, conjunctival sugfaces
are prepared with several drops of povidone-iodine
(5%) and/or topical antibiotic solution. A lightweight
wire speculum is then inserted and the patient rotated
into the prone position if aphakic, or the lateral decu-
bitus position with the temporal aspect of the eye to
be treated down if phakic or pseudophakic. Fluid-gas
exchange is performed with a 10-ce syringe and a
short 26- or 27-gauge needle. Stetile air, sulfur hexa-
fluoride (SF6) gas, or perfluoropropane (PFP) is
drawn up into the syringe through a 0.22-mm stexile
filter. The gas mixture is then diluted to the appropri-
ate concentration through the filter and the plunger of
the sytinge ultimately returned to the 8-cc marking on
the barrel to allow for adequate excursion of the
plunger during the first phase of the exchange, which
is initiated by withdrawal. .

In phak ic or pseudophakic patients, the needle is
introduced into the vitreous cavity via the temporal
pars plana 4 mm. posterior to the limbus, which is in
the dependent position with the patient in the lateral
decubitus  position. The needle tip is brought into
view in the midvitreous cavity well clear of the lens
and withdrawal initiated. Incremental exchange of
0.5-1.0 ml of fluid is made followed by incremental
injections of a similar volume of air or gas leaving
the plunger of the syringe in the most dependent
position (Figure 10-1). This has the effect of causing
fluid to sink gravitationally  toward the dependent
plunger while keeping air or gas near the hub where
it can be continually introduced without the creation
of "fish eggs." " Care is taken not to incarcerate resid-
ual vitreous base by reducing suction as the needle
is slowly withdrawn inferiorly duging the final stages
of phakic exchange (Figure 10-2).

figure
vitrectornized

10-\'- Injection of air or gas in phakic previously

eye via pars plana.
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Figure 10-2. Later phase of Figure 10-1. Note lateral
decubitus position.

In aphakic patients, the needle is introduced
through the nasal or temporal limbus with the dorn-
inant hand, depending on which eye is being
exchanged, and brought into the midpupillary
plane. A similar sequence of small withdrawals » and
injections is completed until fluid equal in volume
to the gas to be injected has been evacuated from
the eye and replaced by air or gas (Figure 10-3).
Remaining intraocular  fluid can be aspirated from
the anterior chamber by gently redirecting the nee-
dle anteriorly at the end of the procedure (Figure
10-4). IOP at [he termination  of the exchange
should be left in the low-normal range in any eye
in which expansile gas is used.

The distinction should be made between the use
of expansile gas ill general. and the use of an

Figure 10-3. Injection of air or gas in aphakic previously
vitreciornized eye via limbus. Note prone position.
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Figure 10-~. Later phase of Figure 10-3. Note face-down
position that facilitates complete removal of intraocular
fluid.

expansile concentration of an expansile gas. The con-
centration of 20% (SF) and 14% PFP are nonexpan-
site concentrations of expansile gases; hence no
severe increases in IOP should be anticipated

although the IOP can be measured in such eyes 4--8
hours after exchange to exclude this potentially cata-
strophic complication.  In some cases, it is advanta-
geous to use an expansile  concentration of an
expansile gas such as 30-60% SF, or 20-25% PFP:
This is particularly true in eyes with a large amount
of subretinal fluid or eyes in which a total fluid-gas
exchange cannot be performed. In these instances, it

is especially cgitical that the closing intraocular * pres-

sure be left in the low-normal. to soft range; IOP mea-
surements in the first 6=12 hours after injection can
avoid major problems. Pressure rises with expansile

concentrations  of expansile gas can be unpredictable

and severe, hence due caution must be exercised.

This complication is particularly troublesome in eyes
in which an encircling scleral buckle has been
applied immediately prior to the fluid-gas exchange,

in patients who received nitrous oxide anesthesia

(without adequate washout), and in eyes with preex-
isting rubeosis or open or ¢losed angle glaucoma. In
such circumstances, the use of an expansile concen-
tration of gas is strongly discouraged.

When an expansile concentration is used, | cur-
rently favor the use of 30% SFg or 20% PFP,
although the patient must be advised that a subse-
quent aspiration of gas may be required. These con-
centrations  can help to provide tamponade  of
inferior retinal breaks and minimize leakage of

mitogenic blood retinal breakdown products (which
favor the development of postoperative re-prolifer-
ation) into the intraocular - compartment. - Our previ-
ous studies indicate that when fluid-gas exchange
is performed in eyes with recurrent, subtotal, or
total detachment of the retina, 80-85% of patients
will demonstrate  total or near total reattachment
within 24 hours after exchange, with 70% of reti-
nas remaining totally or mostly reattached at 6
months. The long-term results of retinal reattach-
ment in this circumstance  appear to be favorably
influenced by supplemental photocoagulation
through the gas bubble.

[ntravitreal Gas Injection

In patients who have not undergone vitrectomy,
intravitreal gas may be used for recurrent or resid-
ual subretinal fluid, or for extended internal tam-
ponade, although a different technique must be
used, and a total gas fill cannot be achieved safely.
The risk of intraocular infection appears to be
substantially ~ greater in phakic nonvitrectomized
patients than in the previous group and, hence, addi-
tional caution should be exercised in performing
this technique. In contrast to fluid-gas exchange,
intravitreal ~ gas injection is generally  performed
using expansile concentrations  of expansile gas,
generally 100% SF, or PFP, since only small quan-
tities can be injected in the absence of a concomi-
tant release of-vitreous fluid.

The technique is virtually the same as that
described in Chapter 5. The patient is positioned
either supine or in the sitting position with support
behind the head and neck. Retrobulbar anesthesia is
recommended  for instillation of the gas via the pars
plana. The lids are separated with a lightweight
wire speculum and topical anesthesia and povidone-
iodine 5% and topical antibiotics are administered
prior to the injection of the gas, which is performed
under indirect ophthalmoscopic control  to avoid
accidental damage to either the lens or detached
retina. Premedication ~ with topical [OP lowering
medications, osmoglyn, or oral acetazolamide (250
mg) | hour prior to the injection and mild digital
massage prior to injection are helpful in reducing
the severity of the IOP rise immediately after injec-
tion. Either 0.3 or 0.4 cc of intravitreal gas is
injected, with attempts made to produce a single gas




bubble by a smooth uniform movement, leaving the
tip of the needle- in the already partially injected gas
bubble to reduce the likelihood of "fish eggs."

Depending on the desired longevity of the gas bub-
ble as well as the maximal degree of expansion,
either SFg (two and one-half times expansion), or
PFP (four times expansion) may be used. As a gen-
eral rule, postoperative injection of air is not rec-
ommended because of the volume limits imposed.
Immediately ~ following injection of gas, the IOP
may be elevated in excess of 50 mm Hg and associ-
ated with pulsation (and in some cases closure) of
the central retinal artery.

| generally perform paracenteses  immediately
following gas injections to normalize the pressure
to approximately 30 mm Hg or less, using full per-
fusion of the optic nerve as a clinical endpoint. ,
Paracentesis can be damgerous in aphakic and pseudo-
phakic eyes if the posterior capsule is not intact.

Following gas injection, the fundus should be
inspected to ascertain that the optic nerve is well
perfused and that no gas bubbles have migrated into
the subrerinal space. The likelihood of this compli-
cation can be reduced by avoiding gas injection in
eyes with very' large open tears, and positioning the
head prior to injection in such a way that the large
tears are in a dependent position relative to the site
of the gas injection.

Previous studies in humans and experimental
animals indicate that the injection of a 0.3=D.4 cc
volume of expansile intraocular gas is well toler-
ated, with normalization of the IOP within 40 min-
utes after injection and no appreciable .. rise during
the period of maximal expansion. In patients with
preexisting glaucoma or the recent placement. of an
encircling buckle, 10P may rise unpredictably and
additional caution is thus warranted.
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Complications,  of vitreoretinal
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Membrane peeling (conti/lued)
indications, 85-86
instrumentation, 86
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retinal breaks during, 103
technique, 86-89
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Ocular, coherence tomography.

for macular hole-
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Ocular examination
in retinal detachment patient, 5-6
in vitrectorny patient, 72-74
Ocular, histoplasmosis ~ syndrome, 100
Ocular hypertension. 95, 103. 121-123
Oculomotor nerve, 47
Ophthalmic  artery. 45

IOR

risks associateu  with.

Ophthalmoscopy.
Optic canal, 45
Optic foramen, 45
Optic nerve, 45
Orbit, anterior, 44
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Outer plexiform layer, 2f

See Indirect ophthalmoscopy

Pan funduscopic  lenses, 9
Pars plana vitrectorny, 11
Perfluorocarbon  liquid
giant retinal tears treated using. 95-98
proliferative  vitreoretinopathy
91-92
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Peripheral membrane. 88
Peripheral retinal dialysis. 102
Phak ic retinal detachment. . 25
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Photocoagulatipn. ~ See Laser photocoagulatitn
Photoreceptors. - |
Platelet concentrates.
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history of. 33
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postoperative  care, 3R-39
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success criteria, 40-41
technique
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summary overview of, 36t
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Posterior uveal melanoma
echographic  imaging of, 16. 16f
retinal detachment vs., 16
Posterior vitreous detachment
description of.. 3
echographic  imaging of, 13-14
surgical methods for creating,
surgery, 109
total retinal detachment
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35, 37f
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Posterior vitreous separation, 3, 4f
Proliferative  diabetic retinopathy, 21
vitrectomy  for, 98-100
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treatment  of
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silicone oil, 95-96
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Pulse oximeter, for anesthesia monitoring, 50

Radial sponges, 63
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indications, 92
technique, 92-94
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anatomy of, 1-3, 2f
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hemorrhage of. 9
incarceration in sclerotomy site, 102-103,

120-12!
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atrophic. 25
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detection of. 10. 23-24. 58-59
fellow eyes, 26
indirect ophthalmoscopy
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regarding
cryopexy, 30
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treatment of
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epiretinal membrane with, 86-88
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macular hole. surgery as cause of. 114
serous, 17
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Retinal pigment cpithc iiurn
anatomy of. 1-3.2f
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Scissors, 72f
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anesthesia, 44, 56
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fibrinoid reaction, 124
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penetration  with scleral sutures. 119-120
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description  of,: 55
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gas injections, 68
intraocular  pressure concerns, 56
intrascleral ~ suture placement, 64-65
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Subretinal hemorrhage
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in retinal detachment, 13
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Suprachoroidal ~ hemorrhage, 17
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Surgery. See specific sllrgery
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Tenon's space, 56, 57f, 126
Tissue manipulator, 72f
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macular holes caused by. 106
vitrectomy for. 70

Trigeminal nerve, 45
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Visual fieid evaluation. 56
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Vitrectomy
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with retinal detachment,
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ocular examination
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ocular histoplasmosis syndrome treated using. 1
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relaxing retinotomies, 92-94
retinal breaks treated during, 89-90
retinal detachment treated during, 90
retinectomy during, 93-94
scleral buckling during, 90
silicone oil use, 95-96
subfoveal neovascular membrane removal,
100-101
surgical planning for, 74
technique
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