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Vitreous
Biochemistry,
Morphology,
and

Clinical
Examination™®

1. SEBAG

BIOCHEMISTRY

COLLAGEN

Collagen is an important structural protein in the
vitreous. Gross' initially clamed that the collagen
fibrls of the vitreous were morphologically dis-
tinct from <ollagen in other connective lissucs.
Yer, Swann and co-workers® demonstrated that
the amino acid composition of the insoluble resi-
due of vitreous 15 similar 1o that of cartilage colla-
gen and later wentified that the composition is
most similar to cartilage collagen composcd of al-
pha 1, type 1 chains.” Comparisons of the arthri-
togenic and immunclogic properties of collagens
from bovine articular cartilage (type 1) and vitre-
ous showed that the two were indistinguishable by
these assays.® However, subsequent studies” dem-
onstrated that although vitreous collagen con-
tained an alpha 1, type 1 chain similar 10 cartilage
collagen, there was a lower alaning content, Fur-

* Portsons of this chagler were cnginally pubdished in Sckag
1: The Vitreous: Sinsctare, Fusction and Pathobéology. Chaps
ters 11 and IV. Mew York, Sprieger-Verlsg, M99, Reprinted
wilth permissicn.
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thermore, these studics found that vitreous colla-
gen had additional peptides that were present as
uncleaved exiension chains ¢onlaining an aming
acid composition that was different from the alpha
chain component. The investigators concluded.
however, that the overall similarities in amino acid
composition and in the types of cvanogen bromide
cleavage peptides indicate that the fibers of the
central and posterior peripheral regions of the vit-
reous are composed of a collagen that should be
classified as type 11 Linsenamaver and collubora-
tors* measured in vivo svatliesis of types 1 and 11
collagen in chick embryo vitreous by radiomm-
munoprecipitation after trtiated proline labeling
and fownd that over 90% of the labeled matenal in
the vitreous was iype Il collagen, Snowden’ pro-
vided further physicochemical evidence in suppon
of the similarities between vitreous and carilage
collagens.,

There are, however, distinct differences in the
chemical composition of vitreous and cartilage
collagens that are only partly dug 1o the presence
of terminal peptide constituents in vitreous colla-
gen,® Swann and Sotman® have demonstrated that
the carbohydrate content of pepsin-solubilized vit-
reous alpha chains is significantly greater than car-
tilage alpha chains, indicating that the carbohy-
drate side chains of vitreous collagen are largely
composed of disaccharide units similar o those
found in basement membrane collagen. They pro-
posed that these distinet chemical features are re-
lated o the special struciure of the mature vitre-
ous fibrils in vivo, Liang and Chakrabarti™ have
shown that there are differences between bovine
cartilage and vitreous with respect to collagen fi-
bril growth, mcliing emperature, and flluores-
cence with a hydrophobic fluorescent  probe.
These investigators and others" proposed that vit-
reous collagen should be considered a “*special”™
type Il collagen. Schmut and associates! em-
ploved differentinl salt precipitation of pepsin-
solubilized collagen from boving vitreous and
found that type 1 collagen is the msjor component
of native vitreous fibers.

Giloor™ has pointed out that the collagen content
i% highest where the vitreous is a gel (vitreous cor-
tex and vitreous base). Avad and Weiss" studied
bowine vitreous collagen to determine whether the
gellike structure of vitreous could be explained on
the basis of chemical composition. Their findings
demonstrated that type Il is the major vitreous
colligen, but collagens composed of alpha |, alpha
I, and alpha 3 chains as well as C-P5 disulfide-
bonded collagen were present in concentralions
similar to those in cantilage. In contrast to carti-
lage, however, vitreous type 1 collagen was sig-
nificantly more hydroxylated in the lysine and pro-
line residues. The alpha 1, alpha 2. and alpha 3
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collagen chains were interpreted by Van der Rest™
to represent ivpe 1X collagen, although Eyre and
colleagues'™ felt that there was evidence 10 indi-
cale the presence of type V collagen in the vitre-
pus. Furthermore, with respect 1o the disulfide-
bonded collagen, vitreous had three times more
C-P51 and C-P52 collagens than cartilage although
the molar ratio of C-P51 to C-PS2inbath was 1: 1,
suggesting that in both tissues these collagens are
componenis of a larger malecube. Other studies™
demonstrated that these disulfide-linked tnple-he-
lix frapments were actually derivatives of type IX
collagen. In this regard vitreous is once again simi-
lar 10 cartiluge insofar as both contain 1ype IX
collagen, " although the two tissues differ in lerms
of the sizes of type IX collagen chains '

Hong and Davison™ have wentfied a procolla-
gen in the soluble fraction of rabbit vitreous that
was identified as type 11 by segment-long-spacing
banding patterns. Detection of a propeptide exien-
sion only at the M-terminus prompted thess inves.
tigators o conclude that this was a novel tvpe 11
procollagen. Once again it appears that alihough
vitreous collagen could be considered a type 1
collagen, there are unigue features that distinguish
it from other collagens in the same class. These
distinctive characteristics are possibly related to
the unique physilogic roles of the vitreous, in
particular, its mechanical function. '™

HY ALURGNIC ACIY

Hyaluromic acid (HA) 15 one of many known gly-
cosaminoglyeans, Glycosamineglycans are poly-
sacchandes composed of repeating disaccharide
units, each consisting of hexosamine {usually N-
acelyl glucosamine or M-acetyl galactosamine)
glveosidically linked 1o either uronic (glucuronic
or Wuronic) acid or galactose. The nature of the
predominant repeating unit is characteristic for
cach glycosaminoglycan and the relative amount,
molecular size, and type of glycosaminoglycan are
said Lo be lissuc-specific.'® A sulfated group is at-
tached to oxveen or nitrogen am all glycos-
aminoglyeans except HA, Glycosaminoglycians do
nat normally occur in vivo as free polvmers, bat
are covalenily linked 10 & protgin core, the ensem-
ble called a proteoglycan. Balazs and co-workers™
documented the presence of sulfated galactos-
amine-containing glycosaminoglycans in bovine
vitreous (less than 3% of total vitreous glycos-
aminoglycans). Others™®  jdentificd  these  as
chondroitin-d-sulfate and undersulfated heparan
sulfate. Studics in the rabbit™ found a total vitre-
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ous glycosaminoglyvean content of 38 ng with 13%
chondroitin sulfate and 0.3% heparan sullate.

HA 15 the major glycosaminoglyean present in
the vitreous. In humans, HA first appears after
barth and is believed 1o be synthesized primarily
by hvalocyies.™ The synthesis of HA seems (o
stubilize at o constant level in the adult and there
does not appear Lo be any extracellular degrada-
tion.” HA levels remain constant due Lo escape of
HA molecules from the vitreous by way of the
anterior segment of the eve™™ and because of
reuptake by hyalocytes. Lavrent and Fraser™®
showed that the escape of HA from the vitreous o
the anterior segment is strongly molecular weight
dependent. indicating a diffusion controlled pro-
cess. In contrast, disappearance of HA from the
anterior chamber is independent of molecular
weight, suggesting that this is controlled by bulk
flow, The values ascribed to the molecular weight
of vitreous HA in different studics range widely
depending on analviic methodologies, specics
variations, and age-related differences.” Balais
and Denlinger™ have stated that, in general, the
soddivm salt of HA has a molecular weight of 3 1o
4.5 = 1P in all normal human and animal tisswes
investigated and in all parts of the vitreous.™
Laurent and Granath® wsed gel chromatography
and found the average molecular weight of rabhit
vitreous (o be 2 to 3 % 10F and of bovine vitreous
1o be 0,5 1o 0L = 10P, In these siudies there were
age-related differences in the bovine vitreous, in
which HA molecular weight varied from 3 x 10%in
the newborn call (o (L3 x 107 in old cattle, Further-
mare. there may be several specics of HA within
the vitreous that have polyvsaccharide chains of
different lengths.™ Topographic studies™ have
identified five HA fractions in the cortical vitreous
(intrinsic viseosities 420 to 1800 mbgh and seven in
the central vitreous (intrinsic viscosities 510 w
3320 mbig).

The valume of the unhvdrated HA molecule 15
about 0,66 mlig, whereas the hydrated specific vol-
ume is 2000 to 3000 mlig.* Thus the degree of
hydration and any pathologic condition that alters
hydration (sce chapler 3% on vitreous patho-
kiolagy, this volumed can have a significant influ-
eace on the sige amnd configuration of the molecular
netwaork in the vitreous, Because the solution do-
mains are s0 large, the long unbranched HA
chains form widely open coils that al concentra-
tigns greater than | mg'ml become highly entan-
ghed.” The large domain of HA spreads the an-
ionie charge of the molecule over a wide space,
[Due 1o its entanglement and immobilization in tis-
sue, HA can act much like an ion-exchange resin,
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with an electrostatic intersction occumng be-
tween the small churges of mobile ons in the fis-
sue and the clectrostatic envelope of the station-
ary polyvelectrolyte. This electrostatic inleraction
forms the basis for various propertics of HA in-
cluding its influgnce on osmOlic pressure, on gn
transporl and distnbution, amd on electnic poten-
tials within the vitreows.™

X-ray diffractograms have determined that HA
is a lincar helix.” Further studies™ hive demons
strated a lefi-handed, threefold helix with & rise
per disaccharide on the helix axis of .98 nm, As
described in a detailed review by Chakrabarty and
Park," this periodicity can vary depending on
whether the helix is in a “compressed’” or “ex-
tended™ configuration, The existence of the mole-
cule in either of these two states can greatly influ-
ence the interactions of an HA molecule with its
neighboring molecules, A compressed HA chain
has extensive “interdiginations™ o inlerast with
its nearest antiparallel as well as parallel neighbors
(todaling ecight molecules), whereas exiended
forms interact with only three antiparallel neigh-
bors.™ It is known that changes in the microenyi-
ronment and in the iypes of surrpunding counicr-
ions can cause changes in the conformation of the
HA polyanion.* For example, a decrease in ionic
strength can cause the anionic charges on the
polysacchanide backbone 1o repel one another and
result in an extended configuration of the macro-
midecule. Thus, changes in the onic miliey sur-
rounding vitreous HA may be converted to mo-
chanical energy on extension or contraction of the
HA macromolecule and, in twrn, swelling or
shrinkage of the entire vitreous. This can be im-
pertant in certain pathologic conditions, such as
diabetes (see chapter 3 on vitrcous pathobiology.
this volume). Eurly studics by Christiansson™
showed that alloxan-induced cxperimental diakbe-
tes in rabbits resulted inoan increase i glucos-
aming contenl and viscosity of vitreous and w de-
crease in vitreous volume. More recent studies™
showed @ slight increase in the tonicity of human
diabetic vitreows (324 £ 23 mCsm versus 316 = 2]
mCsm in controlsh. In diabetes mellitus, there can
be significiant fluctustions in the syslemic concen-
trations of a vanely of molecules which can alicr
the ionic milicu of the vitreous. Such shifis could
induce ulirastruciurel and volumelric changes in
the vitreous. Furthermore. shifls in systemic me-
tabolism, and in tern, osmolirity and hydration of
the vitreous. could result in poriodic swelling and
contraction of the entire vitreous with resultant
traction wpen structures allached 1w the vitreeus
cortex, such as new blood vessels. These events
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could influence the course of diabetic retinopathy
by conlributing 1o the proliferation of neovascular
fronds™ wnd perhaps even by inducing rupiune of
new vessels and causing vitreous hemorrhage.
Indeed. Tasman®™ has found that in 53 cases of
vitreous hemorrhage dee 10 proliferative  dia-
betic retinopathy., 62.3% of bleeding episodes
occurred between midmght and & s while in
the remuining parts of the day there was only an
[T 1o 13% incidence. Although he speculated
that this could be due to nocturnal hypogly-
cemia, other metabolic or hormonal fluctuations
could be influencing the vitreous in the ways
described above and lead 1o vitreous hemor-
rhaue,

Another important propenty of HA is that of
sterie exclusion.® HA, with s Rexible linear
chains and entangled coil conformation, occupies
a large volume and resisis the penetration of this
volume by other molecules 1o a degree dependent
upon their size and shape.™ The excluded volume
effect can influence equilibria beiween different
conformational states of macromolecules and alter
the compaciness or extension of these molecules.
Although there s evidence 1o suggest that steng
exclusion by collagen is more important than
HA.* the relative contribution to this activity by
these two companents in the vilreows 15 not
known. Steric exclusion oescurs on & molecular
level and 15 an entropic phenomenon not directly
producing heat effects between interaclive compo-
nents. Comper and Laurent™ extensively re-
viewed the influence that steric exclusion can have
on chemical phenemena within the vitrcous, ¢me-
phasizing the effects on osmodic pressure and en-
eyme activity, Steric exclusion Causes an cxoess
of osmotic pressure when such compounds as al-
bumin and HA are mixed. since the resullant os-
maic pressure is greater than the sum of the two
components. This could be important in diabetes
where vascular incompelence can increase vibre-
ous levels of serum proteins such as albumin. In
this way csmotic effects can indwee contraction or
expunsion of the vitreows, which can in turn play
an amportant role in neovascularization and vitre-
ous hemomhage. Engyme reactions can be af-
fected since stenc exclusion alters the Michaelis-
Menten constant as well as the inhibitor constan:.
An increase in the chemical activity of a com-
pound due to sterie exclusion can cause its precip-
itanion if the solubility limin is reached. This could
be important in the formation of pathologic vitre-
ous opasities such as asterodd hyvalosis and amy-
Ioidosis (see chapler 39 on vitreous pathobiology.
this volume), ™
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COLLAGEN-=HYALURONIC ACIHY INTERACTION

The vitreous is composed of interpenctrating net-
winks of HA molecules and collagen fibrils. The
collagen fibrils provide a solid consistency o the
vitrcous, which is “inflated™ by the hydrophilic
contribution of HA. Comper and Laurent™ found
thist if collagen is removed from the vitreoas, the
remaining HA forms a viscous solution: if HA is
removed, the gel shninks. There is substantial evi-
deénce 1o support the concepd that there exisis
some sort of interaction between HA and colla-
gen, and that the structure and function af these
macromolecules are influenced by this interaction,
Phvsiologic observations™* of changes in the
denaturation-iemperature profile induced by the
addition of glycosaminoglyveans to collagen sup-
pirt this hypothesis. Biomechanical studies™ of
vitreouws viscoelasticity also support the concept
of collagen-HA interaction. but the nature of this
interaction is mol clearly understood. 1t has been
hvpothesized that in cartilage the hvdroxvlysine
aming acids of collagen medite polysacchande
binding 1o the collagen chain via O-glycosidic link-
ages, Thus the number of hydroxylysine residues
per alpha chain should be proportional to the
amotnl of polysaccharde bound. This was sub-
stantiated by the finding that type 1l collagen,
which in cartilage is found ina matrix with signifi-
cant amounts of profeoglvean. contains four o
ming limes mere hydroxylysine than collagen
types | and 111,# Furthermore, these polar amino
acids are present in clusters along the collagen
molecule, explinming why priteoglyveans attach o
collagen with a periedic pattern.® Hong and Davi-
son®™ have identified a type 1l procollagen in the
soluble fraction of rabbitl vitreous and have rased
the question of a possible role for this molecule in
mediating collagen-HA mteraction. Indeed. colla-
gen-HA interaction in the vitreous may be meds-
ated by a third molecule. Swann and co-workers™
have demonstrated large amounts of noncollage-
nous prodein assoctated with collagen in the insol-
uble residue fraction of vitreous. In carlilage,
“link glvcoproteins™ have been wentificd which
interact with prodeoglyveans™ and HA Y Supramo-
lecular complexes of these glycoproteins are be-
ligved to occupy the interfibrillar spaces. Asa-
kura® has studied bovine vitreous by ruthenium
red siaining and demonstruted the presence of
amorphous structures on collagen fibrils @t 53- 10
60-nm intervals along the fibrils that they belicved
1o be HA. There are filaments connecting the col-
lagen fibrils and these amorphous masses. These
filaments may represent “link"™ structures of ci-
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ther a glveoprotein or protecelycan nature, HA is
known to interact with link proteins as well as with
an HA-binding glycoprotein, hvaluronectin,® In
the cornei. chondroitin sulfate and keratan sulfate
bridge the interfibrillar spaces and keep the fibrils
at specific distances 1o achicve transparcncy.®
The protein cores of these proteoglycans arc the
hinkage sites 1o collagen fibrils.

Many investigators believe that collagen-HA in-
teraclion occurs on 4 physicochemical rather than
chemical level. Mathews™ observed reversible
formation of complexes of an clectrostatic nature
between solubilized collagen and various glycos-
amingglycans. Both the sulfale and carboxyl
groups of a glycosaminoglyvean could be the bind-
ing sites for cations. ™ Podrazky and colleagues™
demonstrated that the sulfate group of a glycos-
amineglycan was largely responsible for interac-
tions with the guaniding groups of argining and
epsilen-aming groups of lyvsine in collagen. Com-
perand Lavrent™ proposed that electrostatic bind-
ing occurs in the vitreous between negatively
charged polysacchardes and positively charged
proteins. These authors extensively reviewed the
existing dada characterizing the electrostatic prop-
erties of glycosaminoglycans and the factors,
including stenc exclusion, infuencing their elee-
brostalic interactions with different tons and mole-
cules,

OTHER MOLECULAR COMPONENTS

Free amino acids are present in the vitreous but at
levels about one fifth that of plasma.™ Within the
vitreous body there exists & concentration gradi-
ent, with anterior vitreous concentralions being
grealer than postenor levels. This may be dug 1o
uptake and ubilization by the reting, 3 consider-
ation that led Reddv® to propose that the vitreous
wcts as 4 metabolic repository for retinal proten
metabolism. Chen and Chen®™ found that the solu-
ble profeins of the vitreous resemble the serum
prateins of isoclectnic poinis less than 8.0, and
these investigators concluded that the soluble pro-
teins of the vitreous derive from plasma and are
constantly renewed. Studies’™ by Flood and Ba-
laes of 920 human eyves found the following age-
related protein concentrations: ages 10 1o 30, 400
to 600 we/ml; ages 50 (o B0, 700 o B0 gp/ml;
greater than B0 vears of age, about 100D gg/ml.
These age related fndings may be due to increased
leakage of plasma proteins from the intravascular
compariment inlo the vitreous thit results from
decreased tight-function integrity with aging of the
retinal and ciliary body vasculature and epithelia.
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Glveoproteins arc heteropolysaccharide macro-
mplecules that are mosily proteinaceous and con-
tain only 1 minor carbohydrute component (5 o
10% by weight). According to Balazs.™ the most
imporiant difference belween vitreous and serum
proteins is the high content of glycoprateins in the
vitregus, since these constitute 205 of the total
noncallagenous protein content of vitreous, Sialic
acid-containing glvcoproteins are believed 1o be
synthesized by hyalocvies.™ Other studies™ have
led 1o the consideration that the inner laver of the
ciliary epithelium is responsible for vitreous glyeo-
profein synthesis,

Ascorbic aoid concenlmlions i vilréois ane
about 0.43 mmolkg. ™ Thus the vilreous-plasma
ratio for ascorbec acid 15 9: 1. Vitreous levels this
much higher than plasma concenirations are be-
lfeved 1o be due o active transport by the ciliary
body epithelium.™ The purpose of having high
concentrations of ascorbic acid in the vilreous
may relate 1o the abilivies of this compound 10 ab-
sorb ultcaviolet light™ and serve as a free-radical
scavenger,™ which protect the retina and lens
from the untowsrd effects of metabolic and light-
induced singlel oxvgen generation,™

Swann and co-investigators™ found that the re-
siduad froction of vitreous contained a significan
quantity of fipid, Reddy amd associates™ found ev-
idence o sugpest active hipid metabohism i the
vitreous of dogs and humans, Interestingly, these
investigators found no significant changes in hu-
man vitreous lipid composition between the ages
of 37 and 82 years,

Traces of strontium, barium, aluminum, molyh.
denum, manganese, iron, nickel, copper, zinc, and
lend have been found in vitreous,'* Table 1 lists the
vitregus concentrations of low molecular weight
substances and other molecules in bovine and por-
cing eves,
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SPECIES VARIATIONS

There are species variations in the relative con-
centrations of the major structural components of
the vitreous, that is, HA and collagen. These dif-
ferences account for vanations in the rheologic
(gel-liguid) state of the vitreous in differem spe-
cics, and are summanzed in Table 2, The selection
of an appropriate animal with which to model hu-
man disease for investigation must therefore 1ake
into consideration these species varklons as well
us age related differences.®

MORPHOLOGY

HISTORICAL PERSPECTIVE

Duke-Elder® claimed that the first theories of vit-
reous struciure proposed that the vitreous is com-
posed of “loose and delicate filaments surrounded
by Auid,"” as concepiualized in 1741 by Demours™
who formulated the alveolar theory. In 7B,
£inn™ proposced that the vitrcous is arranged in a
concentric, lamellar configuration similar 1o the
layers of an onion, The dissections and histologic
preparations of Von Pappenheim™ and Brucke™
provided evidence for the lamellar theory, The ri-
dial sector theory was proposed by Hannowver in
1845, Studying coronal sections at the equator,
he described a multitude of sectors approximately
radially onenied around the ceniral anteroposte-
rior core that contains Cloguet’s canal. Hannover
likemed this structure 1o the appearance of a cut
orange, In 1548 Bowman™ introduced the fibrillar
theary, Employing microscopy, he described fine
fibrils that form bundles that Retzius™ described
a5 fibrous strectures arising in the peripheral ante-
rigr vitreous that assume sn undulating pattern

TABLE 1. Chemical Analysis of Boviee and Porcine Vitreoms Humoss

[Evvime (B = 121K)

Parcine (M~ 121K

Sirusn Vilrems Syerum Vitrenes
Urea nitrogen (mgidly 1264 = 0.2 IS = 6.4 401 2 9.3 12.% = 7.0
Creatining (mg'dl) 1.5 =07 A =05 21208 s =02
Sodlivam imEgL} |45 = 9 157 =9 190 6 = 8 |48 = 9
Portiassiam dmEgL) 63 22 46 = 1.6 T4 a2 0= 1.6
Caleiam (mpadl) 9=z 19 id=23 0t =5 L O e ]
Magnesum (mg/dl 23+40.7 2i=0} 26206 2.6 = 0.8
Chbaride Il'n]'.q..'l..] G = |4 130 = 13,4 3 = 5 127
Phearsphorus (mg/dly 67 26 140 =07 75220 0T = 0.4

* All valoes are means = 50,

{Adapled from Mclasghlin PS. Mclausghlin 180 Chemical apalysic of bovine umd porgine vitreouws husmsrs—conmehilion of
noamal valses with sevom chemical values and chamges with fime and lempermure. Am J Vel Bes 45867, 1987, Beprinted with

permissson of ibe American Vereninary Ressargh Associnsm)

o9z
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TABLE X. Species Varistbons s the Relative Concenirations of the Major Structeral Composcnts ol the Viietous

Eheodogy i of A Prdcin {oaceairaibsn
Gel Liquid Concentration |/l Collapen® (% of
Auduli "% ol Totsl) i% of Totalp | gl Dol b salmhle Tisiad Prodcin)

Husnzn S-B0 b ] [ACT=REL] pE ST
Rhssus monkey ) & 1) (TESEL)
Ol monkey 2 ] 30k [ isguidh [ )
Lo (EL1] LI} BIN=1HN0) (pel) a1 L o0
Shesp {11 LIl [0ik- 1070 &l hma [
Lang L LI} a4 1% 144 EE
Cat 1] LI} 2050
Rukbis 100 1] 24y 198 gE i
Cruimen pig i1 il k-2
Chicken, urkey a7 03 15-30
Ol 4 [ 1] 20}
Canp 4 e - T
Tunn 4 L 200%- T
shark 40 L1 LIS

* Including the viscosdascic liguid of the antenor chamber.

t lehithyosam, a glucosaming- and galagtosamane-containng glycosamanoglycan.

I Dtn compiled from Balazs EA: Fanctional snaomy of the vicreous. a Tasman W, Jeeper EA leds): Dunne's Foundstboes of
Clinical Opibaimology . Yol 1 chap 17, p 14, Piladelphia, Hasper & Bow, 1984; Swann DA: Chemisry and biology of ike vitreows
hasdy, Int Rev Exp Pabal 2200, 1580: asd Dealenper J. Balass EA, Ewner G et al- Agie-relabed changes in the vilreous amd lens of

Rhesas monkeys, Exp Ewve Kes 3067, 19680

similar 1o 3 “*horse’s tail™" in the central vitreous,
but maintain a concentric configuration al the pe-
riphery. The elegant studies of Szent-Gyorgi™ in
1917 supporied the descriplions of Retzius and in-
troduced the concept that witreous structure
changes with age,

Epsmer™ stidied dissections of human vitreous
and found “*membranelles,” which he described
as funncls packed into one another, diverging out-
weard and anteriorly from the prepapillary vitre-
ous, Worst™ has also studicd preparations of dis-
secled human vitreous and described that the
"tracts”” of Eisner constitute the walls of "cis-
terns’” within the vitreous body, In Waorsi's sied-
s these cisterns are visualized by flling with
white india ink. Worst has also studied the pres
macular vitreous in great detail and has proposed
the exisience of a “*bursa premaculanis.”” which he
described as a pear-shaped space thal is connecied
Lo the cisternal system in front of the ciliary body.
Kishi and Shimizu™ recently described a *poste-
rior vilreous pocket”” similar o what Worst has
reported. which they claim 1o be an anatomic
structure. However, as over 95% of their study
population was age 63 or older, this is likely 10 be
an age-related phenomenon (s0¢ chapter 3% on vil-
reous pathobiology. this volume).™

MOLECULAR COMPONENTS

Collagen and HA are the mujor strocturil eomps-
nents of the vitreous. In humans, collagen 15 orga-

nized as thin fibrils 10 to 25 nm in diameter with
cross-siriations. Snowden and Swann® dentified
a major period in the cross-strations of 62 nm (un=
fixed, dricd bovine vitreousk, while others™ de-
scribe a banding pattern with a periodicity of 12 (o
25 nm. Vitreous collagen fibrils appear 10 be con-
tinuous and unbroken from the anterior peripheral
vitreous 1o the posterior vitreous. This could be a
conscquence of either Miller cell synthesis of pro-
collagen molecules that are added onto the mest
posterior end of cxisting fibrils or of fibroblast mi-
gration through the vitreous body leaving assem-
bed collagen fibrils in their wake ™

The distance between collagen fibrils in the rab-
bil vitreous was found to be 1.2 10 3.5 pm, ™ which
approximates ¢stimates for the bovine vitreous™
and measurements in the albine rat.™ Vitreous col-
lagen fibrils are unbranched® and in the normal
state are nol cross-linked ® This is supported by
stendies of the mechanical properties of the vilre-
ous® demonstrating a softening of the spring con-
stant with increased clongation, suggesting that
vitreous collagen is organized in a network in
which fibrils can slip alongside each other. If so.
this would be in contrast 1o 1the cornea where pro-
teoglyveans prevent collagen fibrils from moving in-
dependently along their axes.™ This may underly
the elastic nature of the vitreous in contrast to the
sttffieess of the cornea.

There is heterogeneity in the distabution of ¢ol-
lagen throughout the vitreous body. Chemical® ®
and light-scattering studies™ have shown that the
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highest density of collagen Abrils is present in the
vitreous base, followed by the posterior vitreous
cortes antertor W the reting, ond then by the ante-
rier vitreous cortex behind the postenior chamber
and lens. The lowest density is found in the ceniral
vitreous and adpcent o the antenor cortical gel,
HA molecules have a different distribution from
collagen. They are mest abundant in the posterior
cortical gel with a gradient of decreasing congcen-
tralion as one moves cenlrally amd  anlers
arly R Balyrs™ has hyvpothesized that this is
due 1o the fact that vitreous HA is svnthesized by
hyalocytes im the postenor vilreous ¢ortex and
cannot traverse the internal limiting laminag of the
reting, but leaves the vitreous o enter the posie-
nor chamber by way of 1he annulus of the antenior
vitreous cortex which is ol sdjmeent 10 a basal
lamina. Bound water inonfreerable) has a distribu-
thion within the vitrcous similar 1o that of HA ™
presumably due to binding by HA. Bakizs™ de-
seribes that HA molecules Gl the spaces between
the collagen fbrls and provide a “sabilizing ef-
fect™ on the collagen network, In this regard there
arg two ampartant functions provided by this mo-
lecular arrangement. First, the large domsins of
the HA molecules spread apant the collagen fibrils
as @ result of “swelling pressure™™ and minimize
light scatiering by these structures, therehy con-
tributing 1o the transparcney of the vitreous.™ 1t is
likely that the position of protcoglycans in the in-
terfibrillar space is orderly. not random. and that
these molecules provide laeral but not longitudi-
nal stability.”' Second, 1he viscoelastic propertics
and mechanical Tunctions™ of the vitreows resull
from 1he presence of Borlt HA and collagen and
are very likely related 1o their assocustion on a
malecular level, Adjacent collagen fibrils would
tend to cross-link and alier these propertics. Con-
sequently, the preseace of HA molecules hat
spread apart the collagen fibrils ™"stabilices™ the
viscoelasticity of the vitreous. As described previ-
otsly, there may be physicochemical binding sites
for HA along the collagen fbils that could explan
the finding of an inlimale association between col-
lagen fibrils and HA, Alieralions in the interaction
Perween these stractieril components, for example
with aging.” could influence the physical proper-
tics af the vitreous,

VITREOLS BODY (CORPLS VITREOQLS)

Luboratory inveshigations of vilreous stneciure
have long been hampered by the absenee of casily
recognized landmarks within the vitreous body.
Conseguently. removal of the vilreous from the
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eve resulis in a loss of orentation. The transpar-
ciey of the vitreous renders observation i ¢on-
vemtional diffuse light unrewarding. Atlempls Lo
study vilreous structure with opague dyes™ do
visualize the areas filled by dye bul obscure the
appearance of adjacent structures, The use of his-
tologic contrast-cnhancing technigques usually -
volves tissue fixation, which often includes dehy-
dration of the tissue. Since vilréous is ¥8% waler.
dehydration induces profound allersation of the ine
ternal morpholagy. Conseguently. any invesiiga-
tiom of vilreous structure must overcome these dif-
ficultics.

The sclera, chorodd, and retina can be dissecied
and the “naked”™ vitreows bedy can be maintained
intact and attached 1o the anterior segment of 1he
eve (Fig. 1A). This enables study of internal vitre-
ous marphology without a loss of introcular on-
entation. However, depending on the persen’s age
and consequently the degree of vitreous liquefac-
Lo the dissected vitreous will remain solid and
intact (voung persens, Fig. TA) or will be Aacend
and collapse (older adults). Consequently vitreous
turgescence musl be maintained (o avoul distor-
tion of intravitreal structure. Immersion of o dis-
segled vitrcous specimen that s sull attached 1o
the anterior scgment into a physielogie solution
maintains vilreous lurgescence and avoids strugs
tural distortion (Fig. 1H).

The limitations induced by the tmnsparency of
the vilreouws were overcome by Goodbloed.™
Fricdenwald and Stichler.” and Eisner™ who em-
ploved darkficld slit illumination of the vitreous
body 10 achieve visualization of intravitresl mor-
phology. Hlumination with o slit-damp beam i
rected into the vitreous body Trom the side and
wiswilization of the flluminated portion from above
prodduces an aptical horieontal section of the vitre-
ous body.™ The ilumination/ebservistion angle of
9 that is achieved using this echnigue maxi-
mizes the Tyndall effect and thus overcomes the
limitations induced by vitreous transpirency., Fur-
thermore, the avoidance of any tssee fixation
eliminates the mroduction of many of the artifacts
that Mawed earlier investigalions,

Recenl studies™" have used these lechnigues
o investigate human vilreous structure. Within
thee acdull human viircous there are fine, parallel
fibers coursing in an anteroposierior dircetion as
shown in Figure 2B and C and Figure 3. The
fibers arise from the vitreous base (Figs. 2H and 3)
where they inser antenior and posterionr 1o the ora
serrala (Fig. 2H), As the peripheral fibers course
posteriorly they are circumferential with the vitre-
ous corlex, while contral fbers ““undulate” in a
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Fiz. 1. Human vitresss dissection, A, Yoreous fram g S-momb-oll child. The sclera, choreid, and
refing were dissected ofT the vitreous body abich remalas allached 19 the anlénior segment. A band of
Eray Issuc can bo secn poslerywr bo the ore serrala, This o nciaral retma 1B was Brmly adherent fo the
vibredws base and could not be dissected. The witreous By 1% molsd and alfhough situated on a surgicsl
tvwd] eaposed 10 romm uir maintuins fs shape, baciuse owing to the voung ape al 1he donor he
wiirgnus 15 almosl entinely pel. B, Human vivgous dessected of 1he aclern. chonoid. and reting snd
dlisched 1 1B anlerer sepment. The specimen is mounted on @ Lugite frame using sulares threugh
b limnbus and then immersed in a Losie chamber containang as isotomes, phvsialogee salution. This
andlasns (e largescence of the vitreous and sivoids collanse amd arifactual divomion of the vikneoos
arrueting. (A. courtesy of the Mew England Eye Bask, Hostom, MA: B, (rom Sebee 1. Balaes EA:

Pathapencuas of O M E: Anatomic consideration of vitreo-retingl adhéssons, Surv Ophthabmol [suppd)

soq . 1D

comfiguration parallel with Cloguet's canal ™ The
fibers are continuous and do not branch. Poste-
riorly, these fibers insert into Lhe vitreous corlex
(Fig. 2E and F).

Ultrastruciural studies™ have demonstrated that
collzgen fibrils are the only microscopic struciures
that could correspond 1o these ibers. These stud-
igs alse detecred the presence of bundles of
packed, parallel collagen Rbrils (Fig. 4) If has
hoen hypothesized that visible vitreous fibers lorm
when HA molecules no longer separate micro-
scopic collagen fibals, resulting in the aggregation
of collagen fibrls into bundles from which HA
mileculbes are excluded, Eventually the ageregates
of collagen fibrils attain sufficiently large propor-

tions and can be visualized in vitro (sce Figs, 2 and
3) and clinically. The arcas adjacent to these large
fibers have a low density of collagen fibrils sepa-
rated by HA molecules and therefore do not scait-
ter light as intensely as the larger bundles of aggre-
galed collagen fibrils. These adjacent *"channels™
probably offer relatively less resistance 1o bulk
Aow through the vitreous body and are the arcas
visualized in studies™ "™ using india ink to fill the
channels. There are changes that occur in these
fibrous structures throughout life.”"™ which prob-
ably result from age-related biochemical aliera-
tions in the composition and orgamzation of the
molectlar components that simultancously result
im vitreous liquefaction and fiber formation.



VITREQUS BIGCHEMISTRY. MORPHOLOGY. ANMD EXAMINATION

Vol 3/ Chap 38 9

E

F

S

LT N

Fig. L Hunman vitreous morphology. Humas vitreous structure visualized by deskifield slit illemisg-
tign. All photogruphs are areniad ik the anterior scgment bebow and the postenior pole above, A.
Fostenor vitreows in e lefl eve of o 52-vear-oll man. The vitreous bedy is erchosed By the vitreous
corlgan. There is o “hole™ im ibe prepapillary (small. 1o 1he kftk vilreous comlex. Vigreoas fibers are
vesenled towand the promuculer region, B. Posenas saseods /o 57 year-old man. A 1_"3,.:- hainadle of
promenent Bher: is ween cours ng aElcrapaalemerly andd catcnieg ibe relrocorticul spuge v way ol 1he
paesnacular vilreous cortex. €, Seme photograph as B, sl higher magnification. 13, Posterior vitresm in
i right eye ol a Sbyear-old womas, Theme s poeslernor ¢ airusion of vikreosws el the pire mapallary Budie

Ma the rghs) and promeoular |
riorly amal imlo the retroconizal space

YITREWLS BASE

The vitreous base is a three-dimensional zone. It
extends 1.3 to 2 mm anterior 1o the ora serrata, |
Lo 5 mm postersor to the ora serrata,'™ and several
millimeters inlo the vitreous body itself ™ The
postenior extent of the posterior border of the vit-
reous bise vares with age.- ™ Vitreous fibers en-
ter the vitreous base by splaying oul (see Fig. 3A)
10 insert anlerior and posterior 1o the o serrata
(see Fig. 2H). The anteriormost fibers form the
“anterior boop™” of the vitreous base (Fig. 3B), a
streciure that s important in the pathophysiology

{18 s

large ¢ uirasion 1o the leM) vitreous conlex. Fibers ooirs¢ anlemopaste.

of anterior proliferative vilreoretinopathy {see
chapler 3% on vitréous pathobiology. this valume)
I the posterior portion of the vitreous base, vitre
ous fibers are closer together than elsewhere
Giariner™ has found that in humans the diameters
of collagen fibeils in the vitreous base range from
10.8 1o 12,4 mm, with a major period of cross-stria-
tions of 30 10 34 am. Hogan' demonstrated that
just posterion 1o 1he ora sermata. heavy bundles of
vitreous fibrils attach 10 the basal laminac of reti-
nal glial ¢ells, Suedies by Gloor and Daicker'™
showed that cords of vitreows collagen insert into
gaps belween the neuroghia of the peripheral ret-
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Fig. % Vireos buse morphology, A, Vireous structune im o S-vonsold woman. Fikbers cosres
| el pereplictul vibreous, Posterordy. fbers onenl G the premesala

anteroposiersorly in ihe cenir H
regr, Anlenorly, (e ibers splay oo weonsen e ihe siteéous bose. B, Fibers of the perisherl
unbenior sitreous forming the “aateror oop, Tha conzuralion can provide the woaffold for cell
|I'.='rul.i|.'|'| and prolEferation in the pathoplysxdagy o anlermsr prodifersive vibresrelinopathy . (A,
Sohag 1. Halwrs EA: Pathogenesis of O M. E. Anatoenic consuleration of vitroosrelinal adhesions
Sury Oyphthalmol [suppl] 23395, WEd: K. S wig 10 The YVelreous: Strucime. Funciion and Pithis.
biolegy. New York. Springer-Yerlag, 199, Xpecimen in A courtésy of 1 New Ereland Eve Bank,
aston. MAp
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Fig, 5. Llerastrustung of buman vil-
POl oOrteN,. Reanming eleciran mi-
croscopy  demonsirates 1he demse
packing of collagen (brils in the vit-
Pepd gosten, To some oxlont thas
arranapament r exaggerated by the
dehydranon  that of¢urs  duming
ecimen preparation for scomnrang
clectrom mRicrxsoiy

YITREOUS CORTEX

The vitreous cortex is defined as the peripheral
“shell™ of the vitreous body that courses lorward
and inward from the antenior vitreous base 1o form
the antenor vitreous cortex, and postenorly from
the pestenior border of the vitreous base o form
the posterior vitreous cortex. The anterior vitre-
ous cortex, clinically referred 10 as the “amenor
hyvaleid face.” begins aboutl 1.3 mm anterior (o the
ora serrati. Fine and Towsimis'™ desenbed that in
this region the collagen Abrils are parallel w the
surface of the contex. Studies by Faulborn and Bo-
wald™ detected dense packing of collagen fibrils
in the antenor cortex with looser collagen fibnl
packing in the subjacent vitreous, giving the im-
pression of lamellae, Rhodes' studied mowse vits
reous and found that the anterior vitreous cortex
varied in thickness from 800t 2000 nm. He also
found that there are connections between the
lpose Abrils in the anterior vilreous and the ante-
FIOF VILRGOUS COrex,

The posterior vitréous cortex is 100 10 110 um
thick™ """ and consists of densely packed collagen
fibrils {Fig. 5). There is no vilreous corex over the
oplic dise (Figs, 2A and &), and the cortex is thin
over the macula due 1o rarefaction of the collagen
fibrals. " The prepapilliry hole in the vitreous cors
pex can somelimes be visualized clinically when
the posterior vilreows is detached from the refin.
If peripapillary ghal tssue s Wwrn away during pos-

CLINMCAL OFPHTHALNOLOGY

lerior vilreous detschment and remaims attached
ter thee vitreous cortex arcund the prepapillary bolc
1S relerred tooas Vogt's or Weiss™s ring, Yitreous
cian extrude through the prepapillary hole in the

Fig. o Postgrior Bumsmn vilreods struciune. POsIerior vinooss
imibE e eve ol a SU-vear-od maan. The vilreous corfex enves
lomes the vieremas baody and mulziphe. sl highly refructile
PCinis WrE sggs that =Cafier |-;|'|I mleraely, hkely hl.;.h'\-_'!.lh
wee Fag, 7h There aie two aiéas mn (ke poslenor vireous cor-
ey Through which witroows oxtrudes iddo the retnobynlosd
spsie, Fhe pegpapibioy hode is smaller (o the Jeli. soe urroas
Il mnenl gdged ond Bes A small amoum ol i_"q.l_'lh]|_‘|F VIR G,
l_lly.'. el of velrgonis exinsdc By way o the premescula
vitreoas cortes, jiwd fibgrs gourse from the contral vilreous inte
the retrohyvaliong spade, (ebag )i Age-rélabéd dilferences inihe
humum vitresredingl imerizoe, Arch Cphthalmed 105966 1991}
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vitreous corlex (see Fig, 2A) bul does so to g much
lesser exient than through the premacular vitreous
cortex (sce Figs. 2B and D and 6). Jaffe™' has
described how vitreous can extrude into 1he reino-
cortical space created following poslerior vilreous
detachment and has proposcd that persistent at-
tachment 1o the macula can produce traction and
certain forms  of maculopathy. V=" Although
there are no direct connections beiween the posie-
o vitreaus and the retina, the poasterior vitreoas
cortex is adherent 1o the internal limiting lamina of
the reting, which is aciually the hasal lamina of
refinal Muller's cells. The exact najure of this ad-
hesion between the postenior vitreous corex simd
the imernal limiting lamina is not known, but prob-
ably  resulis Trom  extrscellular  matmx mole-
cules,

Hyalocyies

Reeser and Aaberg!™ consider the vitreous cortex
(o be the “metabolic center™ of the vilreous be-
cause of the presence of hvaleceyies (Figs. 6, 7 amd
8k These mononuclear cells are embedded in the
vilreous cortes (Figs, & and BA) widely spread
apart in a single laver sitwated 20 1o 50 wm from
the internal limiting lamina of the reling poste-
riorly and the Basal lamina of the ciliary epithclium
al the pars plana and vitreous base, Quaniitative
studies of cell density in the boving""” and rabbit '™
vitreous found the highest density of hyvalogyvies in
the region of the vitreous base, followed next by
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the posterior pode, with the lowest density at the
equator, Hyvalocvies are oval or spindle-shaped,
0 b 15 e in diameter, and contain a lobulated
nucleus, a well-developed Golgi complex, smooth
and rough endoplasmic reticula, amd many karge
perindic  acid=Schiff tPﬁSJ-Poshi\-'c Iy sovscmal
granules and phagosomes, "™ Hogan and collab-
orators® described that the posterior hvalocyies
are fatiened and spindle-shaped, whereas anleror
hyalecyies are larger, rounder, and at limes star-
shaped. Saga and co-workers'™ have described
that different ultrastructural features can be
present in different individual cells of the hyalo-
cyle population in a single eye. Whether this re-
lates to different origins for the differem cells or
different states of cell metabolism or activily is nol
clear. Balazs'™ pointed out that hyalocyies are lo-
ciated in the region of highest HA conceniration
and suggested that these cells are responsible for
vitreous HA synthesis. There is experimental evie
dence in support of this hypothesis ™11
Swann® claims that there is as vet no evidence that
hyalocytes are responsible for the synthesis of vils
regus HA. There is, however, evidence 1o suggest
that hyalocyles maintain ongoing syathesis and
metabolism of glycoproteins within the wvilrg-
ous. '™ Hyalocyles have also been shown to
synthesize vitreous collagen'™ and enzymes, '™
The phagocytic capacity of hyalocytes has been
described in vivo'™ and demonstrated in vi-
tro. """ This activity is consistent with the pres-
ence of pinocylic vesicles amd phagosomes'"” amd

Fig. 7. Human hyulocytes, Fhase-oomlrist micros.
sopy of lat ensant preparution of Byalacytes in the
vl corlex from an | layemrold girl, Mo ctams
af dyes were used in this preparation. These monos
muclear cells are roursd and distribated in o singbe
luyer within ibe vitreous gonex. with pueodopedia
i seme oclls, (Coustesy of MNew England Eye
Ikank., Boston. MA)
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Flg- 8. Ultrastructere of human hyalocyies. &, A mononuckear cell is seen embedded within the dense
collugen fibril (€1 network of the siireous cortex, There i a lokulated mucleus 1) with dense marginal
chrommien (wdite £, In the Cly Ll there e malochond i (W), dense pranules fadruial, whCuhes
(¥ h and microwilli (M0, DMogmification = 11670, B, Higher magnification view (= 33 0008 demon.
siraiex dense granules (ermes), rough emdoplaemic reticulum (ER), vacwoles V), nbosomes (8.
surfuce microwilli (M0 und ndjscent cortical collagen [hnls (0. [ Photogmphs courtesy of 11, Crali anad
DM Alber, Cogen Leboretiony of Ophthalmic Paibology., Harvand Medical School)

the presence of surface receptors that bind 1pG
and complement."™ Balazs® has proposed that in
their resting state, hvalocytes synthesize matrix
glycosaminoglycans and glycoproteins and that
the colls internalize and reutilize these macromaol-
coules by means of pinpcytosis. They become
phagocyvtic cells in response to inducting stimuli
and inflammation. HA may have a regulatory ef-
fect on hyvalocyie phagooyiic activily, "™

Fibrohlasts
There is a second population of cells in the vitre-

ous cortex which in some cascs may be mistaken
for hyalocytes. These cells constitule less than

105 of the total vitreous ccll population. Several
investigations"™-" have determined that these
represent fibroblasis which are present in the vit-
reous cortex at the vitreous base, mdjscent to the
oplie dise and ciliary processes. The argument for
a role in mormal vitreous collagen synthesis is
mostly by analogy te studies of fibrillogenesis in
tendon where investigations® have found that se-
creled collagen molecules are assembled into h-
brils within invaginations of secreting fbroblusts.
The locations of fbroblasts in the antenar penph-
eral vilreous (vitreous base and near the ciliary
processes] and posicrior vitreous may cxplain
how wvitreous fibers become continuous struciures
spanning the distance between these locations,
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Balazs and sssociates'™ have found that near the
pars plana vitreous fibroblasts decrease in number
with age. Gartner'™ has suggested that changes in
these oclls are responsible for aging changes in the
collagen network of the vitreous hase,

VITREQRETINAL INTERFACE

The vitreous is satuated adpcent (o the reling pos-
teriorly and behind the cilary body and lens ante-
rigrly. Al all these sites the interface with adjacent
tissues consists of a complex formed by the vitre-
ous cortex and the basal laminae of the adjacent
cells. These basal laminag are firmly attached 1w
their cells"*"™ and vitreous cortex collagen fibrils
repariedly inscri into the basal laminse. ™" The
only region not adjacent 10 @ basal lamina 15 the
annulus of the anterior vitreous cortex, which is
directly exposcd (o the zonules and the agueous
humor of the posterior chamber. Balazs™ has
pointed out the struciural similarities between this
zone and the surface of articular cartilage which in
Joints is exposed to synovial Auid. The significance
of such an arrangement in the vitreous is not
known, although it probably accounts for the abal-
ity of aqueous 1o enter the vitreous amd the pro-
pensity of various substances (red blood cells,
HA, growth factors, efc.) 1o exit the vitreous anic-
riorly.

The basal laminae surrounding the vitreous are
composed of type [V collagen closely associated
with glvcoproteins. '™ Al the cilinry body the basal
lamina of the pars plicats is a meshwork of Luming
densa 0.05 o 0. gm thick and organized in a retice
ular, multilayered structure that is 2 106 pm thick
and fills the spaces belween the crevices of the
ciliary epithelium. At the pars plana the basal
lamina has a true lamina densa with insertions of
vitreows collagen fibrils, The basal lamina poste-
rior 10 the ora serrata is actually the basement
membrane of refinal Mdller's cells, also called the
internal limiting lamina (ILL) of the retinag, Imme-
distely adjscent to Miller's cells is the lamina
rara, which is 0,03 1o 0.0 wm thick and demon-
strates no specics varialions nor changes with to-
pography or age. The kamina densa is thinmest at
the fovea (0L01 to 0,02 gwm). It is thicker elsewhere
in the posterior pale (0.5 10 3.2 pm) than at the
equator or vitreous base.

Al the rim of the optic nerve head the retinal
ILL ceases although the basement membrane con-
tinwes as the “inner limiting membrane of Elsch-
pig.” "™ This membrane is 30 nm thick and is be-
lieved to be the basal lamina of the astroglia in the
oplic nerve head. At the centralmost portion of the
aptic disc the membrane thins 1o 20 nm. follows
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the irregularities of the underdying cells of the op
e merve head, and is composed only of glyco
saminoglveans and no collagen. '™ This structure it
known as the ““central meniscus of Kuhnt.” Ba-
lazs™ has stated that Miiller's cell basal lamina
prevents the passage of cells as well as molecules
larger than 13 1o 20 am. Consequently. the thin-
ness and chemical composition of the central me-
miscus of Kuhm and the membrane of Elschnig
may account for, among oher effects, the fre-
gueney with which abpormal cell proliferation
arises from or near the oplic nerve head (se¢ chap-
ter 39 on vitreous pathobiology. this volume).

Zimmerman and Straatsma’™ showed the exis-
tence of fine. fibrillar attachments between the
posterior vitreous cortes and the 1LL and claimed
that this results in an extremely intimate union
between normal vitreous and retina. The composi-
Lion of these brillar structures is nol known, The
vitreous is known 1o be most firmly attached al the
vitreous base, the disc and maula, amd over retis
nal blood wvessels. In the posterior pole  vi-
treoretingl adhesion is nod focal but extends as a
sheel encompassing the disc, peripapilary region,
and macula."® The thinness of the ILL and the
purported presence of attachment plagues at the
ceniral macula™ could expliin the predisposition
of this region 0 changes induccd by trac-
linn.""-""“‘ [ET]

There is an unusual vilrcorctingl inteface over-
Iving retinal blood vessels, Kuwabara and Co-
gant® described “spider-like bodies™ in the pe-
ripheral reting which coil around Blood vessels
and conneet with the 1LL. Pedler™ found that the
IL.L was thin over blood vessels, while Weolter™
noted the existence of pores in the ILL along
blood vessels and found that vitreous steands in-
serted where the pores were located, Mutly and
Leopald'™ describod that these strands exiend
through the [LL to branch and surround viesscls in
what they termed ““vitreorctinowvascular bands.™
Such structures could explain the strong adhesion
between the vitreous and retinal blood vessels and
account for the proliferative and hemorrhagic
cvents associaled with vitrcous traction upon reti-
nal blood vessels.,

CLINICAL EXAMINATION OF THE
YITREOUS

CLINICAL MORPHOLOGY

The vitreous body of an emmetropic human eve is
approsimately 16,5 mm in axial lemgth with a de-
pression anteriorly just behimd the lens (patellar
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Fig. 9= ¥ureous structure. Schematie diagram of human vitreous, iSchepens (L. Meetens A: The
¥ilreous and Yitrco=rclinal Indcrface, p 200 Now York, Springer-Yerlag, 1987)

fossn). Various struciures and regions within the
vitreous body are named after the anatomists
and histolegists who first described them (Fig,
9. The hyvalowdeocapsular ligament (of Wieger) is
the annular region 1w 2 mm in width and 8 1o
9 mm in diameter where the vitreous is allached
1o the posterior aspect of the lens, Ergpelet’s or
Berger's space is at the center of the hvaloideo-
capsular ligament, Arising from fhis spage and
coursing posteriorly through the cemral vitreous
is the canal of Cloqueet (Figs. 20 and 9. which is
the former site of the hvaloid arterv, Posteriory,
Cloguet’s canal opens nte a fuancl-shaped regron
anterior 10 the optic disc known as the area of
Mariegiani,

CLINICAL EXAMINATION TECHNOLUES

Examination of the vitreous essentially consists of
visualizing a structure intended to be virtually in-
visible. The clarily ef the vitreous and its position
within the inner recesses of the eyve make clinical
examination difficult, Optical transparency meoes-
sitates maximizing the Tyndall effect for visualiza-
tion. Although this can be achieved in vitro (see
section on Vitreous Body cadier in chapter) there

are limitations to the illumination‘observation an-
gle that can be achieved c¢linically, This is even
more irauhlesome in the presence of meiosis, cor-
meal and lenticular opacitics. and poor paticnt
compliance, Essential 10 the success of achieving
an adeguate Tyodall effect are maximizing pupil
dilation in the patient, since the Tyndall effect in-
creases with an increasingly subtended angle be-
tween the axis of illumination and the line of ob-
servation (up 1o a maximum of 907 and dark
adapiation in the examiner.' Some observers'™’
propose that green light further enhances the Tvn-
dall effect, Prior to examining the individual parts
of the vitreous, it is useful 1w consider the overall
shape of the entire vitreous, as a clue lo further
charactenizing vitreorelinal pathology. Charles'*
has desenbed a “problem-oriented ™ approach to
preoperative vitreous examinalion wherein an ap-
preciation of the configuration and mobility of the
entire vitreous can guide the operative approach,
For example, the identification of a ""cone™ in a
partial posterior vitreouws detachment and  the
characierization of the locations and numbser of
apices in this cone can help in the accurate diagmg.
sis of vitreoretingl traction amd determing the best
surgical approach.



VITREGUS BHWCHEMISTRY ., MORPHOLOGY. AND EXAMINATIHON

Anterior Vilreows

The anterior vitreous is easily examined at the slit
lamp with no preset or eontact lens, 1 is praciical
to examing the anterior vitreous first, since this is
readily done immediately aller examination of the
anterior segment and does not reguire the gel solu-
lions used during contact lens examination of the
pasterior vitreous. In the absence of a crystalline
or artificial intraocular lens, vitreous prolapse into
the anterior chamber could be important in terms
of vitreocorneal touch and the risks of comeal en-
dothelial cell dysfunction. ' Vitreous adhesions to
a cataract wound or 1o the ins may be important in
the pathogenesis of postoperative cystowd macular
edema. Particulate opacities in the anterior vitre-
pus can be scen at the slit lamp and can give im-
portant clues as to the possible presence of poste-
rior patholozy, such as relinitis pigmentosa, '+
Cells can be the augury of retinal infection. inflam-
mation, lears, and'or detachments. Lacgqua and
Machemer'™ described that an increase in the
number and size of pigmented cells in the vitresus
of patients with retinal detachment (preopera-
tively or postoperatively) heralds the development
of proliferative vitreorclinopathy, Bleeding can be
asspcinted with red bloed cells in the anterior vit-
reous. YWarious neoplasiic discases, for example,
cndophytic retinoblastoma, choroddal melanoma,
and reticulum cell sarcoma can resull in anterior
vitreous cells.

Anterior vitreous structures such as Mitten-
dorf™s dot, a remnant of embryonic hyaloid vessel
regression, can be scen at the shit lamp and should
alert the examiner to the possibility of other devel-
apmental disorders, such as persistent hyperplas-
tic primary vitreous in the fellow eye '™

Ceniral and Posterior Vitreous

Examination of the central and posterior vitreous
wan rarely be achieved without the use of cither a
preset or contact lens. Presel lens Momicroscopy
can be performed either with a plane concave lens
(e.g.. =55 w0 =386 D Hruby lenses) or various
convex lenses (er.. +32, +538.6, +60, or +%50 D),
Plano concave lenses produce a highly magnified,
narrow-field, erect image and enable visualization
of the posterior pole, although it is difficuli to
schieve an adeguate illumination/observalion an-
gle 1w examine the posterior vilreous, Peripheral
examination can only be performed by varying the
position of the fixation point of the evels), and the
quality of the image is redused by eplical distor-
tiens,
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El-Bayadi'™ first proposed the wse of a +35 D
preset lens and advised maintaining at least a 107
illumination‘observation angle. The resultant im-
ape 15 inverted and can be photographed. The ad-
vanlage offered by this form of postenior vilreous
biomicroscopy is that the avoidance of a contact
lens facilitates the *“ascension/descension”” exami-
nation technigue,' wherchy eye movements are
used o displace the vitreous. This can be helpful
in visualizing structures such as an operculum or
Voet's (or Weiss's) ring which may have de-
scended inferiordy in the presence of @ postenor
vitreous detachment with vitreous syneresis (col-
lap=e) (see chapler 3% on vitreous pathobiology,
this volumel, It 15 principally this feature which
makes the approach supenior to contact lens sys-
tems for examination of the posterior vitreous, '™
A 90 D double aspheric lens can similarly be
wsed in a “preset” manncr, also with photo-
graphic capabilitics."™

Peripheral Vitreouns

The major difficulty in examining the peripheral
vitreous arises from a loss of stereopsis.” This is
due 10 the fact that when examining the periphery.
the circular pupil becomes an elliptic aperiure.,
making it difficult 1w obtam an adeguate view with
both of the observer's eyes. This is more of a prob-
lem i the horizontal mendians than vernically,
since the examiner™s two eyes are positioned hor-
izontally. Schepens™ suggests reducing the illu-
minatien/observation angle. rotating the shit beam
to the axis of the mendizan being observed, and
reducing the imterpupillary distance of the sl
lamp eyepieces as ways of minimizing the loss of
slercapsis.

Peripheral vitreous examination has been tradi-
tionally performed with the vanous mimrors of the
Goldmann lens. Both Jaffe'™* and Schepens'*? mive
cxcellent detailed accounts of the procedure to be
followed for penipheral wvilréous examinalion.
Both describe the use of the “oscillation™ tech-
nique of “rocking’” the slit lamp joystick to alter-
nate between direct and retroillumination for visu-
alization of particulate or cellular opucities in the
posterior vitreous. Schepens'™ further describes
the use of a tlted shit lamp column W0 enhunce
visualization of the penpheral vitreous, Eismer™
has devised a cone-shaped apparatus that fts onioe
a three-marror Goldmann lens and enables periph-
eral scleral indentation during shit lamp biemicros-
copy with a contact lens. Binocular indirect oph-
thalmoscopy with scleral indentation can also
permil such examination. The recem developmen
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of inveried-image contact lenses with various-size
fields has greatly enhanced stereoscopic examin-
tion of the vitreous and fundus and they are now
routinely used Tor laser photocoagulation therapy
of the fundus. The Mainster retina laser lens' is a
+01 D gonvex asphen contact lens that produces
a real inveried image of about 457 of the postenior
fundus with excellent stercopsis. The * panfundus-
copic™ lens is a +83 D convex spheric lens which
provides less magnification and image clarity bt
offers a wider angle view, It is useful for perph-
eral examination 1w 60 or 70" with a 157 w1,

Opacified Vilreous

When examination of the vitreous is made difficult
by opacification of the cornea, lens, or vitregus,
there can nevertheless be worthwhile information
garnered from carelul study. As pointed oul by
Charles," much can be learned from studving the
peometne configuration of an opague or semi-
opague vilreous., When opacification is advanced.
however, ultrasonography can be helpful in defin-
ing the nature of the opacification, the three-di-
mensional configuration of Lthe opague vilregus,
and the presence or absence of structural pathol-
oy behind the vitreows. Green and Byrme™® have
described in detail how quantitative and qualita-
tive echography can provide such information in
the presence of vitreous opacification.
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